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PREFACE 


A cheirdcal revolution is sweeping through the agricultural 
world. It is unrivaled by any of the previous great advances in 
agriculture and, perhaps, by most advances in the biological 
field. For the first time, man can change the pattern of growth 
and development of plants, can retard growth here or speed it 
there. The growth-controlling horipones and other chemicals 
now in use are but crude beginnings. 

The present chemical advance in no way lessens the impor- 
tance of the great developments of the past. Mechanical 
inventions such as the steel plow, the drill, the combine-har- 
vester, and the cotton picker were great forward steps in 
agricultural progress. But the idea is no longer new. Although 
the period of agricultural machine development is not over, the 
applications of such machinery to problems of production are 
well in hand. In agriculture as in industry, mass production — 
the cultivation of extensive acreage with only a few men — is 
one of the important consequences of the machine. 

Abundance of crops has always been a necessity for the well- 
being of any nation. with an agriculturah economy. Once the 
\irgin fertility of agricultural soils approached exhaustion, the 
matter of fertilization demanded attention. This was a 
biological and chemical problem in the control of plant growth. 
It was discovered long ago that certain elements are essential 
for the growdh of all plants (rdtrogen, phosphorus, potassium, 
calcium, etc.) and that some soils are deficient in one or more of 
these. It w'as also found that traces of certain other elements 
(manganese, boron, zinc, etc.) are required for the satisfactory 
growth of many kinds of plants. Such discoveries w^ere the very 
foundation of the fertilizer industry and have gone far toward 
making possible the economic production of crops in areas that 
might otherwise constitute marginal land. 

Another great advance in agriculture has been in the field 
of plant breeding, in which new varieties and strains of plants 
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have been produced which are high yielding, disease-resistant, 
and in many other ways improved for the use of man. Hybrid- 
ization of corn is an outstanding example wherein the advan- 
tages of “hybrid vigor” were made available to the average 
agriculturist. 

The present, great advance we interpret as a real chemical 
revolution in agricultural practice. The application of chemis- 
try to soil fertilization and the protection of crops against the 
ravages of insect and fungus^ pests were important but not 
revolutionary. With the current efforts to regulate growth by 
the application of minute amounts of growth-controlling hor- 
mones we enter an important new era. 

The new practices rest heavily on fundamental investiga- 
tions in plant physiology carried on in government-supported 
experiment stations, endowed plant-research institutions, state 
and privately supported colleges and universities, and the 
research laboratories of the chemical industry. All the topics 
discussed here have in common an important concept of present- 
day biology; the regulation of grovdh by minute quantities of 
specific chemical substances, i.e., the hormonal control of growth. 
There are some who question the importance of theoretical 
research in any field, but let them consider the applications that 
already have sprung from this one basic concept — and in less 
than twenty years. 

No one of the contributors to “Hormones and Horticulture” 
is primarily a horticulturist. However, a number of years of 
theoretical research and general interest in the hormone field on 
the part of the senior author have led us as a group to carry 
out the arduous task of assembling, and to the best of our 
ability digesting, the practical advances that have sprung from 
scientific work. Our purpose has been to gather together the 
widely scattered and often theoretical information on the use of 
special chemicals in the regulation of plant growdh; to present 
specific directions for applying such chemicals; to evaluate their 
usefulness in horticultural practice; and to point out trends in 
the field. The various chapters of the book have had the 
criticism of horticulturists who are specialists on the subjects 
concerned. 
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If those actively engaged in horticultural occupations or 
avocations or in research in this or related fields find the book' 
helpful in any way, the authors will be content. 

The Authors 

New Yobk, N. Y. 

September, 1947 

^ Chapter III is concerned partly with hormones and partly with other chemi- 
cals; Chaps. Ily IV to VIII j and X are strictly hormonal; Chaps. IX and XI deal 
with chemicais not now regarded as hormones. 
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1 liter of water weighs 1 kilogram 
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1 gallon == 4 quarts 
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H 

,„t“‘^,oleacetic acid 
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-OCl-LCHlOH : 
-C! 



Dichlor^heno.xy.<icotic acid (“2,4-D”) 
1 >4-k^ichlorophenoxyaootic acid] ^ 


CHAPTER I 
INTRODUCTION 

Terms and Scope of the Book. — The meanings of terms that 
are coined to express new concepts lying along the frontiers 
of knowledge generally undergo change as new discoveries are 
made. A typical example is the word “hormone,”* first used 
by the animal physiologist Starling in 1905.^’’ The original con- 
cept, that hormones are chemical substances made in one part 
of an organism and transported to other parts where they pro- 
duce their effects (Starling), has broadened to include the fact 
that the}' are effective in very minute amounts. 

In plant biology the term “ hormone ”t was broadened still 
further in 1935 when Zimmerman and Wilcoxon^’ discovered that 
several S3mthetic compounds when applied to plants bring about 
effects that are qualitatively indistinguishable from those of 
naturally occurring hormones. For example, one of the natu- 
rally occurring plant hormones has been identified as indoleacetic 
acid. 12 - IS This substance, when extracted from plant tissues 
and applied to intact plants, will induce a bending response in 
roots, stems, and leaves, stimulate the production of roots on 
cuttings, and induce the development of fruits without pollina- 
tion. These same responses can be brought about with pure 
synthetic indoleacetic acid and also with a number of other 
related and unrelated synthetic chemicals, such as indolebutyric, 
naphthaleneacetic, and dichlorophenoxyacetic acids. Still other 
laboratory-produced chemicals bring about some but not all 
these effects, e.g., naphthoxyacetic, phenylacetic, and indole- 
propionic acids. 

Whether synthetic or naturally occurring, all these com- 
pounds have in common the characteristic that they regulate 

Derived from the Greek word meaning “I arouse to activity/' ' 

t The term “plant hormone,” as used in this book, is synonymous with “phyto- 
liornione,” “auxin,” “growth regiiktor,” and “growth substance.” 

Z 
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growth in one way or another, and for the purpose of this book 
are regarded as plant hormones (Chaps. II, IV to VIII, X). 
They are readily absorbed when applied to the surfaces of plants, 
and they move rapidly through the tissues (Fig. 1). Their hor- 
ticultural usefulness is well established for the rooting of cuttings 
of numerous vegetatively propagated plants (Chap. II), for the 
control of the premature dropping of many fruits (Chap. IV), as 
aids to the setting of certain fruits (Chap. V), as selective weed 



Fig. 1. — Nature of hormone action: tomato plant. Synthetic hornione aiipiied 
to branch at lower left was transported through the tissues to upright braneh at right. 
Resulting growth responses were (1) flowers set fruit without pollination and (2) 
youngest leaves were altered in their development. {Photograph, cowit^y of Boyce 
Thompson Institute for Plant Research.) 

killers (Chap. VIII), and in the prolonging of dormancy in buds 
of certain plants (Chap. X). 

Not all the special chemicals discussed in the following 
chapters now qualify as hormones (Chaps. Ill, IX, XI) . They are 
included here because of their capacity to regulate certain phases 
of plant development. For instance, ethylene chlorohydrin is 
well known for its ability to hasten the lareaking of dormancy in 
buds (Chap. IX), and colchicine is knowui for its usefulness in 
the production of new varieties of polyploid plants (Chap. XI). 

Relative Effectiveness of Synthetic Hormones. — A hor- 
mone that is extremely active in bringing about one kind of 
plant response may be relatively ineffective in inducing another. 
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For example, indoleacetic acid is more active than other hor- 
mones in inducing a bending response in oats (A vena) seedlings, 
yet it is less effective than many other hormones in inducing 
formation of seedless fruit and in the rooting of cuttings. 
Indolebutyric acid, on the other hand, is only 5 per cent as 
effective as indoleacetic acid in bringing about the bending 
response in oats, but it is one of the most effective in the rooting 
of cuttings and in the production of certain seedless fruits; and 
naphthoxyacetic acid is totally ineffective in the oats-bending 
response, but in combination with indolebutyric acid is capable 
of producing certain high-quality seedless fruits. Table 1 gives 
other examples. 

Table 1. — Eelative Actwity of Different Hormones in Bringing about 
Various Plant Responses 

For each plant response (vertical column) the figure 1 indicates the least active 
hormone; the higher numbers indicate greater activity. Thus in the bending of 
the oats seedling, indolebutyric acid is 25 times, naphthaleneacetic acid 100 times, 
and indoleacetic acid 500 times as active as dichlorophenoxyacetic acid (per unit 
weight). 


Hormone 

i 

Kind of plant and response 

Oats seedling 
bending 

j 

Tomato 

stem 

bending 

Tomato, 

seedless 

fruit 

produc- 

tion 

Many 
kinds of 
plants 
(abnor- 
mal 

growth) 

Indoleacetic acid 

500 

20 

1 

Inactive 

! 

(threshold 10 jug/1-) 




Naphthaleneacetic acid. .... 

100 

1 20 

■ 1 

Inactive 

Indolebutyric acid 

25 

■ 1 

2 

Inactive 

Naphthoxyacetic acid 

Inactive 

2 

50 

1 

Dichlorophenoxyacetic acid. 

1 

; 20 

: 500 

3 


Another factor in effectiveness is the chemical form of any 
particular hormone. For instance, in indilcing a certain 
response the potassium salts of indoleacetic, indolebutyric, and 
naphthaleneacetic acids are of about the same activity as the 
free acids. The esters of indoleacetic acid are less active in this 
respect than the acid, however, while esters of indolebutyric are 
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of about the same activity as the acid. In the same kind of test, 
the esters of naphthaleneacetic acid are totally inactive.'* 

The relative effectiveness of a hormone also depends to a 
large extent on the method of its application to the plant being 
treated. For example, if applied in water solution, the relati\'e 
activities of indoleacetic, indolebutyric, and naphthaleneacetic 
acids in bringing about bending in the oats seedling are approx- 
imately 100:5:20; applied in a fatty medium such as lanolin, the 
relative activities are about 100:10:10.® 

Such evidence as the foregoing suggests that, as research 
goes on, there will be more and more cases where a partic\ilar 
chemical form of a certain hormone must be used for a particular 
phase of growth control, and that the method of application will 
determine the degree of its success. The basis of any I’esponse 
is the protoplasm of the living plant, and the characteristic 
response of any species to a given hormone may be as much 
a hereditary quality of the species as its structure and form. 

Carriers. — The medium in which hormones are applied to 
plants is generally referred to as the “carrier.” If hormones 
are applied in water solutions, water is the carrier ; if in talc dust , 
talc is the carrier. Different carriers are suitable for differc'iit 
purposes and, as pointed out in the foregoing discus.sion of 
relative effectiveness, the extent of the response often depends 
‘upon the kind of carrier employed. Wliether it is solution, 
emulsion, paste, or aerosol, the hormone must be soluble in it. 
It must, moreover, adhere satisfactorily to the plant and provide 
a medium of contact through winch the hormone can enter the 
tissues. Spreaders are frequently added to commercial prepara- 
tions for this purpose. Spreaders are chemical compounds tliat 
have the capacity to lower surface tension and hence permit the 
preparation to spread out in a thin film. For example, when 
water is sprayed on a waxy surface like that of an apple or a shiny 
leaf, it remains in separate droplets; W'hen a spreader is added, 
however, the sofution is distributed evenly in a thin film over 
the entire surface. 

In the use of dusts as carriers, the situation is somewhat dif- 
ferent. Dusts act as a medium of dispersion, the hormone crys- 
tals adhering to the dust particles and thus being distributed 
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over the surface of the plant. Inasmuch as hormones must be 
in solution to enter the tissues, atmospheric moisture must play 
a part when dusts are used.* 

Appropriate carriers are discussed in each chapter, as special 
problems arise. 

Proprietary Preparations. — If the techniques described in this 
book depended entirely upon the resourcefulness of the indi- 
vidual to make his own chemical preparations, the spread of 
scientific advances into general horticultural practice would be 
slow indeed. Only when industry puts reliable products on the 
retail market in easy-to-use form does the public become inter- 
ested and do the fruits of research become widely useful. Pro- 
prietary preparations of plant hormones are available for 
stimulating the rooting of cuttings, for preventing the premature 
drop of certain fruits, for promoting fruit set and seedless-fruit 
development in greenhouse-grown tomatoes, and for the selective 
killing of weeds. The trade names of some of these preparations 
appear in the appropriate chapters. In general, such prepara- 
tions are applied in water sprays, and the manufacturers’ direc- 
tions are adequate. Distributors of some of the preparations have 
reported increased yields and more vigorous growth of plants as 
a result of hormone treatment ; such claims need further evidence 
to support them. Individual chapters should be consulted for 
results that may reasonably be expected. 

Abnormal Growth Effects from Hormone Treatment. — Many 
of the plant hormones mentioned in this book will cause abnor- 
mal growth of plants treated with them^*’^® (Fig. 2). For exam- 
ple, the hormones recommended for increasing fruit set and 
seedless-fruit production in tomatoes, when applied to the foliage, 
frequently bring about distortion and malformation of leaves. 
However, if applied chiefly to the flowers or flower buds, the 
desired effect will be broughtabout without injury to the growth 
and sti’ucture of the plant. If stems and leaves bend and twist 
somewhat, no harm need be expected. 

The potency of some of the plant hormones is such that 
enough hormone residue may remain in a sprayer to cause the 

" * Hormones may also enter tissues as vapors, but vapors are not, to be con- 
sidered “carriers*^^ 
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injury of plants when the sprayer is used later with fungicides 
or insecticides. It is well to take the precaution of rinsing the 
spray tank, hose, and nozzle in ^veral changes of water after each 
use. Some workers recommend adding soap or trisodium phos- 
phate to the rinse water. The alternative is to have a separate 


r 



Fig. 2. — Leaves of cotton (Gossypium hirsutum), normal and malformed aw a result 
of exposure to vapors of dichlorophenoxyacetic acid. Note that length of veins is as 
great or greater than normal, but that growth of the blade is partly or completely 
suppressed, depending on age of leaf at time of treatment. {Photography courleaf/ o/ 
Brooklyn Balanic Garden.) 

sprayer for applying hormones. This is particularly advisable in 
the case of the weed-killing hormone dichlorophenoxyacetic acid. 

HISTORICAL SKETCH 

There have been four steps in the history of plant hormone 
discoveries, all of which have taken place since 1880. (For a 
full account, see “Growth Hormones in Plants.”®) 

Early Evidence for Plant Hormones. — It is a well-known 
fact that plants bend toward the light when grown in a window 
or other situation where light comes cliiefly from one side. In 
1880, Charles Darwin published a book “The Power of Move- 
ment in Plants.”^® Among the experiments that he reported are 
some in which young grass shoots exposed to unilateral light 
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failed to bend toward the light if the tip was shaded by a dark 
cap or cut off. From these experiments he concluded (p. 474), 
“that when seedlings are freely exposed to a lateral light, some 
influence is transmitted from the upper to the lower part, causing 
the latter to bend.” Thirty years later Boysen Jensen®’^ 
showed this “influence” to be a chemical substance that moves 
through the plant tissues. This was the first evidence that 
something of a hormonal nature existed in plants. 

Measuring Hormone Content of Plant Tissue. — The rapid 
advance of our knowledge of plant hormones started in 1928 
with the appearance of Went’s classic paper, “Wuchsstoff und 
Wachstum.”^® In it Went described the now well-knowm quan- 
titative method of using oats seedlings for assaying plant hor- 
mones. Although his original method has undergone numerous 
minor refinements, the principle remains the same. In brief, 
it consists of applying blocks of agar jelly containing unknown 
amounts of plant hormones, or auxins, to one side of decapitated 
oats shoots. If hormones are present in the agar, the shoots 
bend to a degree that is proportional, within certain limits, to 
the concentration of hormone in the agar blocks. Carefully 
carried out under conditions of controlled temperature and 
humidity, using only red, orange, or yellow light, and using a 
pure strain of oats for test plants, this method gives results that 
fluctuate from day to day by little more than 10 to 15 per cent. 

Chemical procedures have not yet been refined to the point 
w'here the hormone content of tissues can be determined by the 
usual analytical methods of the chemist. Even since the dis- 
covery of the chemical identity of certain naturally occurring 
plant hormones, the oats test remains the standard method for 
measuring such hormones and their activity. The oats seedling 
is to plant-hormone research Avhat the guinea pig and the rat 
are to experimental work in zoology and medicine. 

Although Went provided a “plant guinea pig” for measuring 
phytohormones, he did not develop methods for the quantitative 
extraction of hormones from plant tissue as a preliminary to the 
oats assay. Such methods have been slow^ in coming 
but for a few plants, or parts of plants, quick and complete 
extraction methods are now known. ^ These make possible 
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more critical studies on the natural occurrence of hormones and 
their role in growth. 

Chemical Identification of Naturally Occurring Plant Hor- 
mones— Using Went’s method for detecting and measuring 
phytohormones, Kogl ei al,^^ found in human urine a. rich 
source of material from which to isolate and identify chemically 
the active compound or compounds. Later they used plant 
materials such as malt, yeast, corn, peanuts, sunflower, and lin- 
seed oils. From 1931 to 1934 work on these materials resulted 
in the isolation of three active compounds: auxentriolie acid 
(auxin a), auxenolonic acid (auxin b), and indoleaeetic acitl 
(then called “heteroauxin”).* Kogl et al. prepared a great 
many derivatives of auxin a and indoleaeetic acid and reported 
their relative activities.'-^- 

No one has confirmed the discovery of auxins a and h, but 
the presence of indoleaeetic acid in plants has been independently 
confirmed in two other laboratories.®’^^ The material used in 
confirming the discovery and identification of indoleaeetic acid 
was corn meal in one laboratory and whole corn grain.s in the 
other. 

Lengthening the List of Chemicals That Act as Hormones. — 
When indoleaeetic acid was identified as a naturally occurring 
phytohormone, a search was begun for synthetic substances 
with hormonal activity. Outstanding among reports on syn- 
thetic hormones is that of Zimmerman and Wilcoxon,^* in 
which it was shown that indolebutyric and naphthaleneacetic 
acids are highly active in inducing various growth responses. 
It was shown by Avery et alJ that these synthetic compounds 
are active in Went’s oats seedling test. Zimmerman and Wil- 
coxon“ reported that indolepropionic and phenylacetic acids 
are slightly active in various tests. Haagen-Smit and Went” 
added indolepyruvic acid to the list, and naphthoxyacetic acid 
was added by Irvine in 1938.^® Still later, Zimmerman and 
Hitchcock^® discovered that in certain tests dichlorophenoxy- 
acetic acid is a plant hormone of high activity. 

The fact that the activity of different compounds varied 

* Since the chemical identity of heteroauxin has been established us indole- 
acetic acid, the chemical name should be used and the loose early t erm discarded. 
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with the test method led to widespread exploratory work with 
the different compounds on many kinds of plants. The few 
years subsequent to 1935 might well be called the “smear era,” 
in which synthetically produced hormones were applied to 
numerous kinds of plants with a wide range of objectives. 

The synthetic hormones most widely employed in horticul- 
tural practices at the present time are indolebutyric, naphtha- 
leneacetic, and dichlorophenoxyacetic acids and their esters and 
salts. It is chiefly the use of these substances in the control of 
plant growth wnth which this book is concerned. 
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CHAPTER II 

HORMONES AND THE ROOTING OF CUTTINGS 


Individual parts of most plants, when excised from the intact 
parent, have the capacity to produce an entire new plant. Thus, 
stems, leaves, and even roots (cuttings), severed from the parent 
plant, may be used for propagation. This regenerative char- 
acteristic of different parts of plants enables horticulturists to 
propagate, vdthout genetic change, many kinds of plants that 
are useful to man. The use of cuttings in propagation brings 
plants to maturitj' more quickly than from seeds and gives uni- 
form sized stock for planting. 

Within recent years it has been discovered that treatment of 
stem and root cuttings with any one of several synihetic plant 
hormones results in a stimulation of root formation^ The pur- 
pose of this chapter is to describe basic procedures for rooting 
plants, more especially the use of plant hormones in, hastening 
rooting.* 

The most extensive use of hormones in rooting has been on 
hard- and soft-wood stem cuttings. Summaries of earlier inves- 
tigations of hormone treatment of cuttings appeared in 1939.®^’*® 
The present chapter includes the results of earlier investigations 
and those of more I’ecent ones. 

Hormone-treated cuttings generally root more rapidly and 
have heavier root systems than the untreated. Hormones do 
not, however, substitute for good care nor do they induce rooting 
in those species which consistently fail to root. Whether hor- 
mones are used or not, careful attention must be paid to light, 
water, temperature, and humidity conditions in rooting. 

- There is considerable variation in rooting response of cuttings 
from different individuals of the same species, as well as among 
varieties within a species. Success in rooting depends 

to an important extent upon the physiological condition of plants 

For discussioa o£ vitamins and root growth, see Chap, VII. 
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from which cuttings are made. Differences in age of plant, 
position from which cuttings are taken, etc., are factors in root- 
ing that as yet have no satisfactory explanation. Cuttings from 
seedling apple trees and young white for example, 

root more readily than those from old. 

Better rooting in hundreds of different kinds of plants has 
been accomplished by hormone treatment (Tables 1 and 2), but 
many kinds fail to respond to treatments thus far reported (Table 
3 ) . Further experimentation with difficult-to-root plants and the 
discoverj’’ of new hormones or combinations of hormones may 
change this situation materially in the future. 

HISTORICAL 

Vegetative propagation of desirable plants has been practiced 
by man for countless centuries. Theophrastus in his “Enquirj" 
into Plants”*^® written about 300 B.c. discussed propagation 
of plants, particularly trees, by means of cuttings and grafts. 
And Pliny in his “Natural History”^®^ described the propaga- 
tion of numerous plants by suckers, by cuttings, and by layers. 
Thus, methods of vegetative propagation were known and used 
more than 2,000 years ago. Such practices have undergone 
little or no change, but our knowledge of propagation has 
increased considerably with the research of the past two decades, 
and new techniques are now finding their way into genei’al 
practice. 

The modern period of studies on vegetative propagation 
began with attempts to correlate internal physiological condi- 
tions of the stem with readiness of rooting; this led to studies on 
the effect of chemical substances on rooting. Sugars, 
nitrates,®® zinc, boron,® manganese, iron, phosphorus,®® acetic 
acid, 10® and potassium permanganate,®®’®® have been applied 
to stem cuttings with the object of aiding rooting. Some of 
these chemicals have been reported effective, but results of 
experiments have been so variable and the advantage of using 
them so slight that rarely are any of these substances used. 

Zimmerman, Crocker, and Hitchcock in 1933 w’ere the first 
to report a chemical that had a specific and marked capacity to 
cause rooting. They found that, through the action of carbon 
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monoxide gas on the stems of certain plants, new roots could 
be produced at will. This was a significant discovery but could 
not be put to practical use because of the toxicity of carbon 
monoxide to man and other animals. 

Although the importance of hormones in the rooting of cut- 
tings was not clearly established until 1935, a considerable body of 
evidence ■was built up from 1925 to 1935 showing that root for- 
mation ■^vas apparently regulated by hormone-like substances 
made within the plant. Substances found in crude extracts of 
pollen, in bacterial preparations, and in urine, when smeared on 
intact plants, were found to stimulate the production of roots. 
It was discovered in 1934 that the phytohormone indoleacetic 
acid is present in urine, and in 1935 Fischnich®^ and Lai- 
bach®^ reported that this substance, properly applied, would 
stimulate root production on intact plants. This chemical, 
readily synthesized in the laboratory, acted similarly to natu- 
rally occurring hormones, and -w'as later shown to be identical 
wdth one of them. Cooper^ ■* first demonstrated that indole- 
acetic acid in lanolin paste could be used successfully to stimu- 
late the rooting of lemon, lantana, and Acalypha cuttings. 

The discovery in 1935 of several new synthetic hormones by 
Zimmerman and Wilcoxon''^^ and their successful use in rooting 
cuttings have made possible significant new techniques in plant 
propagation. Optimum concentrations of hormones in solution 
and in powdered talc have been determined for rooting many 
different kinds of plants. Commercial preparations are now 
available. 

KINDS OF HORMONES THAT STIMULATE ROOTING 

Since the time when indoleacetic acid or “heteroauxin,” as it 
was then called, was first used to stimulate root formation, many 
other similarly active chemical compounds have been discovered. 
Although indolebutyric, indolepropionic, phenylacetic, and naph- 
thaleneacetic acids, naphthaleneacetamide, and naphthoxyacetic, 
diehlorophenoxyacetic, dichlorophenoxypropionic, dichlorophe- 
noxybutyric, trichlorophenoxyacetic, and trichlorophenoxypro- 
pionic acids all induce root formation, their activity in this 
respect varies considerably. 
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The amide derivatives of indoleacetic and naphthaleneacetic 
acids have been reported by Stoutemj^er to be more effective 
than the free acids in rooting a few plants, for example, Pachy- 
sandra terminalis, Leycesteria formosa, and Mmirandia sp. 
in other species amides were ineffective or inhibited rooting. 
Because of their greater solubility and comparable activity, 
salts of the acids are frequently substituted for the free acids 
when water solutions of hormones are used in treating cuttings.^''*® 

Most commercial hormone preparations contain indole- 
butyric acid, naphthaleneacetamide, naphthaleneacetic acid, or 
mixtures of these combined with commercial talc. Solution 
preparations have been largely superseded by powdei’s because 
the latter are simple to apply to cuttings and retain their full 
activity for at least 6 months. Thiourea, a compound active in 
breaking the dormancy of buds, has been combined with the 
hormones in some cases.“* Dichlorophenoxyacetic acid is 
more potent in inducing rooting than the commonlj' used indole- 
butyric and naphthaleneacetic acids, but it inhibits shoot 
development and often results in malformation of the roots. 
For these reasons it is not available conunercially as a rooting 
compound. 

Among the promising new hormones are trichloroplienoxy- 
acetic and trichlorophenoxypropionic acids. These com- 
pounds are extremely active in inducing root formation and, 
when used at very low concentrations, have an advantage over 
other phenoxy compounds in that they do not affect the normal 
growth of roots and shoots.®® They have proved successful 
at concentrations of 0.05 to 1.0 mg. per g. (50 to 1,000 p.p.m.) 
of talc in rooting American, English, and Japanese holly, roses, 
apple, privet, hawthorn, flowering apple, and tropical hibiscus. 

Mixtures of hormones have been found to be more effective 
than equivalent concentrations of a single hormone for cuttings 
of a number of species. For example, mixtures of equal parts 
of indolebutyric and naphthaleneacetic acids were more effective 
at lower concentrations, produced a higher percentage of rooted 
cuttings and more roots per cutting than either hormone alone 
for cuttings of bittersweet (Celastrus), arborvitae (Thuja), and 
sequoia (Sequoia).®® Mixtures of these two hormones were 
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as successful or more successful in rooting cuttings than mixtures 
containing three or four different hormones. The addition 
of phenoxy compounds to indolebutyric or naphthaleneacetic 
acids has produced excellent results.®* Addition of these 
chemicals in small amounts (representing not more than 25 per 
cent of the total concentration of hormones in the preparation) 
produced root systems qualitatively better than those obtained 
with phenoxy compounds alone. Later investigations®® of 
the phenoxy acids indicated that mixtures in talc powder of 
either indolebutyric or naphthaleneacetic acids or both with the 
trichlorophenoxy acids were generally more effective than 
equivalent concentrations of the individual substances, especially 
when the trichlorophenoxy acid was used at a concentration of 
0.1 mg. or less per gram of mixture. 

Individual hormones applied to stem cuttings have been 
observed to produce root systems quite distinctive and character- 
istic of a particular hormone. On the other hand, mixtures of 
hormones produce root systems intermediate in appearance to 
those brought about b}’ any one of the components of the mix- 
ture.®^’*® From investigations showing the improved rooting 
obtained with mixtures of hormones, it seems pi-obable that the 
most successful commercial preparations will be mixtures rather 
than single hormones. 

METHODS OF PREPARING ROOT-INDTJCIIirG SUBSTANCES 
FOR TREATING CUTTINGS 

The average user will find it most convenient to purchase a 
commercial preparation for rooting cuttings and to follow the 
directions given. All the commercial preparations* are now in 
powder form, and several are available in different strengths for 
use according to the difficulty of rooting particular kinds of cut- 
tings. For the nurseryman or experimenter who wishes to make 
his own compounds, the following directions are given. 

■i|ormone Powders. — The treatment of cuttings with a hor- 
mone powder was first reported by Grace. '‘® The cMef advan- 
tages of this method are its ease and rapidity and the fact 

* Commercial preparations now available with full directions for use are Hor- 
jnodin (Merck & Co., Inc,), Quick-Boot (Dow Chemical Co.), Rootone (American 
Chemical Paint Co.), and StimRoot (Plant Products Co.). 
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that the hormones are effective over a considerable range of 
concentrations. 

Rooting powders may be prepared as follows: (1) The finely 
divided hormone crystals may be added directly to .such carrier.s 
as talc (most commonly used), soybean flour, or po^vdered 
charcoal, or (2) the hormone may first be dissolved in a small 
amount of 95 per cent alcohol and this solution then stii-i'cd into 
talc, to form a paste. The paste preparation is dried in dark- 
ness, with a fan, and stirred occasionally. When drj’, the 
mixture forms a powder free from lumps. 

The sodium and potassium salts of indolebutyric and naphtha- 
leneacetic acids are reported more effective than the pure crys- 
talline acids when used in the powders described above. 

Since the optimum concentration of hormone depends on the 
activity of the particular hormone used as well as on the type of 
cuttings treated (woody, semiwoody, or herbaceous), it is not 
practical to give directions here for preparing any special hor- 
mone powder. In general, powders containing approximately 
500 to 2,000 parts of indolebutyric acid, naphthaleneacetic 
acid, or naphthaleneacetamide to a million pai'ts of tale are 
effective in stimulating root formation of the more easil}' rooted 
woody plants. Cuttings more difficult to root may require 
hormone concentrations from 10,000 to 12,000 p.p.m. Mix- 
tures of hormones — for example, indolebutyric and naphtha- 
leneacetic acids in equal parts — may be more effective than 
equivalent concentrations of the single hormone (see page 16) 
in rooting cuttings of several kinds of plants. 

Treatment of cuttings consists of moistening the cut ends 
with water and dipping them in the hormone powder as described 
later in this chapter. 

Hormone Solutions. — ^Another rapid and convenient pro- 
cedure for treating cuttings is by the concentrated solution dip 
method (“ quick-dip ”), first employed by Hitchcock and Zim- 
merman.®® (See also Cooper.^®) In this method indolebutyric 
acid, for example, may be used for most kinds of cuttings 
at concentrations of 4,000 to 10,000 p.p.m.®® Such solutions 
may be prepared by dissolving indolebutyric acid in a 50 per 
cent solution of grain alcohol at the rate of 4 to 10 mg. per ml. 
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If the sodium or potassium salt of indolebutyric acid is used, 
water may be substituted for alcohol. Treatment of cuttings 
consists merely of dipping the cut ends in the solution, as 
described later. As many as 100,000 cuttings may be treated 
in a day, and one container of the solution can be used for all 
treatments. 

Weaker solutions of hormones were widely used in earlier 
work. The strength of such solutions for rooting particular- 
plants is given in Table 2. The chief disadvantage in their use 
is that a few to 24 hours is required for treatment. The pro- 
cedure also requires more equipment and handling of cuttings 
than the simpler concentrated dip or powder methods. 

PROPAGATION BY STEM CUTTINGS 

Stem cuttings are generally described as “softwood” or 
“hardwood” cuttings, and the later use of the terms in the tables 
and text of this chapter is based on the following classification. 

Softwood cuttings are those taken from 

1. Herbaceous plants growing in greenhouse or field, at any 
season. 

2. Deciduous trees and shrubs with leaves on, which have 
been grown out of doors, in the greenhouse, or forced at any 
time of the year. The wood may be 

a. Green — taken from new shoots that have just attained 
their full growth. 

b. Half-ripened — taken from branches or stems that have 
ceased growth for the season but may retain their leaves 
for some weeks. 

3. Nari’ow or broadleaf evergreen trees or shrubs during the 
summer months, or from those forced in the greenhouse. The 
wood may be green or half-ripened. 

Hardwood cuttings are those taken from 

1. Deciduous trees or shrubs that are leafless (dormant and 
ripened wood). 

2. Narrow or broadleaf evergreen trees or shrubs, in late fall 
and winter. Such cuttings ai-e generally handled in the prop- 
agating frame like softwood cuttings. 
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Cuttings that are to receive hormone treatments are taken at 
the same seasons of the year and given the same handling before 
treatment as is usually given any cuttings to be propagated. 
Softwood cuttings may be of varying lengths from 3 to 7 in. 
and should have a minimum of 3 buds. 

Hardwood cuttings of deciduous trees and shrubs may be 
made at any time from late fall to late winter. They are cut 6 
to 8 in. long, tied in bundles of 50 or 100, and stored a< low 
temperatures in moist sand, peat moss, or sphagnum moss until 
late spring. Cuttings made in the fall should be stored at 
temperatures of 50 to 55°F. for the first 3 or 4 weeks and lower 
temperatures of 35 to 40°r. for the remainder of the storage 
period. Such treatment results in the formation of callus 
tissue at the basal ends of cuttings and also provides the cold 
period necessary for the breaking of bud dormancy. When the 
cuttings are planted in the spring, root and shoot growth will 
start simultaneously. The common practice is to plant the 
cuttings 2 to 4 in. apart in rows 18 to 24 in. apart. 

Hardwood cuttings of coniferous or broad-leaved evergreen 
trees and shrubs should be made between Octol:>er and Decem- 
ber. Cuttings should be 5 to 7 in. long and of weli-ripened wood 
of the past season’s groudh. Leaves should be stripped from 
the part of the cutting inserted in the rooting medium. Some 
species of conifers may require as much as a year for rooting, 
but hormone treatment generally shortens the rooting period 
considerably. 

Peoceduees foe Hormone Treatment op Stem Cuttings 

Hormone treatment of cuttings with rooting powders (Fig. 
11) consists of dipping the basal ends (K to 1 in.) of the cuttings 
in tap water, shaking off the excess, and then dipping in the 
hormone powder. Geraniums and plants with very succulent 
or hairy stems should not be dipped in water. Any excess 
powder is removed by gently shaking or tapping the cuttings. 
Cuttings may be tied in bundles and dipped at one time, but 
results are likely to be somewhat variable because the inner 
cuttings fail to receive as much hormone as those on the outside 
of the bundle. Davidson®^ and Davidson and Biekart -® have 
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{Photographs, courtesy of Brooklyn Botanic Garden .) 
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found the -use of a small blower helpful in applying an even 
layer of hormone to the cuttings. Immediately after hormone 
treatment the cuttings should be inserted into tlie rooting 
medium, care being taken that the hormone powder is not rubbed 
off. A quarter of a pound of hormone powder may be expected 
to treat 5,000 to 8,000 cuttings. Commercial preparations arc 
packaged in various sizes so that smaller amounts ma.v be 
purchased. 

Cuttings difficult to root have been re-treated advantageously' 
with hormone powders after 3 weeks in the rooting bench. 
Such re-treatments produced better rooting of the common 
orange {Citrus sinensis ), glory bower (Clerodendron bungef), 
daphne {Daphne odora), and kumquat {Fortunella sp. 
From their variable results with juniper and yew, Chadvick and 
Swartley^® concluded that the only advantage to this method 
lay possibly in the heavier root systems that were produced. 
For most cuttings this advantage was outweighed 1)}' the. added 
labor involved in handling them. 

Cuttings treated by the concentrated-solution (}uiek-dip 
method (see page 18) are simply dipped into the liormono 
solution, singly or in bundles, and held there about 5 si'conds 
(Fig. IB). They are then planted in the rooting medium. 
This method has proved successful in rooting such difficult-io- 
root species as hemlock, apple, and rhododendron, and such 
commercially important tropical plants as derris, cinchona, and 
cacao. One large Ohio grower has used this quick-dip method 
for several years in rooting one to several million chrysanthe- 
mums annually. 

When cuttings are treated with solutions of weaker concen- 
trations (10 to 100 p.p.m.), the basal ends are immersed in the 
hormone solution to a depth of about 1 in. for 24 hours (Fig. 1C). 
Shorter periods may be advisable for herbaceous material which 
ordinarily roots easily. At the end of the immersion period, 
the cuttings are inserted into the rooting medium. Table 2 
shows concentrations of different hormones that have been used 
effectively in rooting cuttings of many different kinds of plants. 

Numerous other methods have been tested for applying 
hormones in solution. Spraying the leaves of cuttings 
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* Common names are chiefly those given in “Standardized Plant Names.’’^*^® 
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at intervals while in the rooting medium, dipping the leaves of 
cuttings in the hormone solution for 48 hours, and watering the 
rooting medium were all found to be inefficient and relatively 
unsuccessful methods. In some plants that root with difficulty, 
attempts have been made to increase the penetration of hormone 
solutions into the stem by applying the hormones in a vacuum.*''^® 

Insertion of hormone crystals under the bark or into the base 
of shoots or applying them on, the apical surface was tried with 
some success by Evenari and Konis.®® McCaskie” inserted 
a commercial rooting compound into common manzanita cut- 
tings on toothpicks and found this method effective in stimu- 
lating the rooting of the cuttings. This toothpick method has 
been used frequently in rooting pecans. Except for cer- 
tain plants, these procedures are less efficient than the standard 
powder or solution methods. 

Results of Treating Stem Cuttings with Hormones. — For 

many kinds of cuttings the accelerated rate of rooting brought 
about by hormone treatment (Fig. ID) results in a decrease in 
basal rot, a saving in labor, and a more rapid turnover of green- 
house space. Tables 1 and 2 show that hormone treatment 
increases the percentage of rooting and frequently hastens the 
rooting of cuttings. 

The quality of root systems produced by hormone treatment 
is generally superior to that of untreated cuttings. Hor- 
mone concentration and prevailing environmental conditions 
greatly affect root quality. The fact that hormone treatment 
results in more roots per cutting favors ready transplanting and 
thus is of particular value for rooting cuttings of rhododendron,* 
guayule, and other plants that ordinarily produce few roots, or 
roots localized at the base (Fig. 

Although hormone treatment results in heavier root systems, 
the ultimate size and vigor of the plant are generally no greater 
than in plants obtained from untreated cuttings.^®’®® Grewe,®’ 
however, reported healthier growth of shoots and leaves in plants 
treated with hormones. 

Inhibition of buds after hormone treatment of cuttings 
sometimes results from the use of too high concentrations or 

* For rhododendron leaf-mallet cuttings, see under leaf cuttings, p. 37. 


26 


HORMONES AND HORTICULTURE 


prolonged treatmentd®’®^’”’”’^^“ Used in proper concentrations, 
there seems to be little danger of bud and shoot inhibition 
from powders containing indoleacetic, indolebutyric, or naphtha- 
leneacetic acid. 

Limitations of Hormone Treatment. — The difficulties experi- 
enced by nurserymen in propagating certain difficult-to-root 
species and varieties of plants are not eliminated by using hor- 
mones. For example, some varieties of azalea (Rhododendron) 
root readily after hormone treatment, others with difficulty and 
others not at all (Table 1). Similarly, some clones of a species 
root more readily than others, whether wdth or without hormone 
treatment. A few species of plants have definite seasons or 
months when they are readily propagated by cuttings: lilac 
(Syringa), for example, roots best in the latitude of New York 
when cuttings are taken between April 15 and i\Iay 15. The 
use of hormones does not change the period of best rooting 
response. 

Speed alone in the rooting of hardwood cuttings is not 
important to most nurserymen. A saving of 2 to 4 weeks is 
generally of little advantage with slower growing hardwood 
stock ; vdth herbaceous or softwood cuttings speed may be quite 
important. 

Coniferous Trees and Shrubs. — Successful rooting of conif- 
erous trees and shrubs (Fig. 2A) often requires higher concen- 
trations of hormone than are used for other plants. Optimum 
concentrations of indolebutyric acid in powders range from 6,000 
to 12,000 p.p.m., while concentrations of 20 to 80 p.p.m. in 
solution are adequate for the 24-hour treatment. The poor 
response to hormone treatment of such species as Chamaecj’paris^i 
and white pine and Norway spruce,^®’^®’®^’'*^'^®’*®'®^’^^'* may be 
attributed to (1) ineffective hormones and improper concen- 
trations, (2) age of plant, (3) inherent variability in rooting 
response, and (4) wrong time- of making cuttings. 

Although it is generally stated that the rooting of conifers is 
greatly hastened by hormone treatment, few data have been 
published on the exact extent to which the process has been 
speeded. One report has indicated that 85 per cent of the hor- 
mone-treated cuttings of globe arborvitae {Thuja occidentalis 
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globosa) rooted in 10 weeks, whereas it required 11 to 15 weeks 
for 25 per cent of the untreated cuttings to root.^*® 

Broadleaf Evergreens. — Deciduous shrubs and broadleaf 
evergreen shrubs (Fig. 2B and C) require similar concentrations 
of hormones. Hormone powders containing 1,000 to 12,000 
p.p.m. are effective. Solutions of indolebutyric and naphtha- 
leneacetic acids ranging from 40 to 100 p.p.m. are effective for 
most plants in the 24-hour dilute-solution treatment; manj’’ 
species of holly root readily with concentrations of 40 to 80 
p.p.m. of indolebutyric acid.’* 

The rooting response of species and varieties of broadleaf 
evergreens shows the usual variations whether the cuttings are 
treated or not (Table 1). Although enkianthus, sourwood 
(Oxydendrum), and Chinese azalea {Rhododendron molle) are 
not evergreen, they are included for comparison because of their 
close family relationship to the other plants listed. The data 
also show the earlier or better rooting of treated cuttings, and 
the superiority of leaf-bud cuttings to stem cuttings of laurel 
(Kalmia). Equally good results with hormone treatment have 
been obtained with the rooting of cuttings from such broadleaf 
evergreen trees as orange, lemon, grapefruit, magnolia, and 
American holly. 

Deciduous Trees, Shrubs, and Woody Vines.^Hormones 
are effective in hastening the rooting of a great many ornamental 
deciduous shrubs (Fig. 3) ; as much as 2 to 3 weeks may be saved 
by using hormones.’®* Best results have been obtained with 
the hormone treatment of softwood cuttings made in the 
summer. 

It is difficult to generalize concerning the optimum concen- 
trations of hormones that should be used because the effective 
concentration varies with the woodiness of the cutting. For 
many of the semiwoody, easily rooted species, solutions of indole- 
butyric acid containing 10 to 20 p.p.m. are satisfactory in the 
24-hour treatment; higher concentrations may be injurious. 
Species ordinarily difficult to root are stimulated by solutions 
of from 80 to approximately 200 p.p.m. concentration. Talc 
preparations containing 4,000 p.p.m. of hormone induce 'satis- 
factory rooting of cuttings by the powder method. In the 
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quick-dip procedure 2,000 to 5,000 p.p.m. is the best concentra- 
tion range. 

Injuries caused by toxic concentrations of hormone may be 
recognized by a yellowing and loss of leaves, checking of bud 
growth, poor callus formation, and a blackening and eventual 
killing of the base of the stem. For reasons not yet understood, 
softwood cuttings of deciduous shrubs are more easily injured 
by high concentrations of hormones than are cuttings of her- 
baceous plants. Similarly, the very woody species are more 
readily injured than the less woody. 

The use of a number of phenoxy acids in the rooting of wmody 
plants is still in the experimental stage. Cuttings of California 
privet {Ligustrum ovalijolium) have served as the test material 
in most of this work.®®’®®’’^® The rooting response to treat- 
ments with solutions of triehlorophenoxypropionic acid con- 
taining 1 and 3.2 p.p.m. was fully as good as that obtained with 
10 and 20 p.p.m. of naphthaleneacetic acid. However, the 
range over which the former is both effective and nontoxic is so 
narrow that its use must remain limited to those species in which 
the exact concentrations required for optimum rooting have been 
carefully determined. 

The rooting of hardwood cuttings may be accomplished with 
hoi-mones, but percentages of rooting are usually lower and the 
results more variable than, with softwood cuttings. Unsuccess- 
ful attempts to root hardwood cuttings of three species of 
chestnut, black walnut, Delicious apple, red oak, barberry, black 
haw, forsythia, and rose species have been reported. In 
a number of instances, however, hormone treatment of species 
reported to be difficult to root resulted in very successful root- 

Fig. 3. — Effect of hormone treatment on the rooting of stem cuttings of deciduous 

shrubs. 

Him {Syringa vulgaris var. Sargenti), side shoots. Hormone powder treatment. 
Left, tale only; 2d from left, triclilorophenoxypropionic acid at 0.25 mg. per g. of talc 
(250 p.p.m.) ; Zd from left, mixture of 2 nig. indolebutyric, 2 mg. naphthaleneacetic, and 
0.1 mg. triehlorophenoxypropionic acids per gram of talc; right, indolebutyric acid at 
8 mg. per g. of talc (8,000 p.p.m.). Cuttings treated May 16, photo taken June 30. 

B, blueberry (Vaednium corymhosum var. Adams). Dilute hormone solution treat- 
ment for 24 hours. Left, water only ; righi, indolebutyric acid at 10 mg. per 1. of water 
(10 p.p.m.). Cuttings treated July 25, photo taken Sept. 3. 

C, rose var. Briarcliff. Hormone powder treatment. Left, talc only; right, indole-- 
butyric acid at 1 mg. per g. of talc (1,000 p.p.m.). Cuttings treated Mar. 4, photo 
taken Mar. 25. (Photographs, courtesy of Boyce Thompson Institute for Plant Research,) 
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ing, among them peach, Setigera rose hybrids, and apple. « 
Hardwood cuttings of apple have been rooted as a result of 24- 
hour treatments with hormone solutions containmg 40 p.p.m. 
indolebutyric acid. In the quick-dip method dipping the basal 
ends of the cuttings in hormone solutions containing 4,000 p.p.m. 
indolebutyric acid was also successful.®^ 

Hardwood cuttings of pecan, black locust, shipmast locust, 
and grape rooted well if the cuttings were allowed to callus 
before the hormone treatment. Precallused cut- 
tings of shipmast locust were treated for 24 hours with solutions 
containing 100 p.p.m. of either indoleacetic or naphthaleneacetic 
acid. 

Many investigators have noted a relationship between the 
physiological condition of the plant and its response to hor- 
mones.'^’^^’^^’®^’®^’^®® It wasfoundthat hardwood cuttings of nitro- 
gen-deficient grape plants rooted well after treatment with 
hormone powders containing 2,000 p.p.m. of indolel)utyric acid; 
both the number and the length of roots were increa.sed. In 
contrast, only slight response was made by cuttings from parent 
plants that had received large amounts of nitrogen.’"’ 

Into this group of deciduous trees and shnibs fall inost of the 
fruit and nut trees, many of which are now propagate<i vegeta- 
tively by layering. Hormone treatment of cuttings of certain 
fruit and nut trees has been disappointing to date (Tal)le 3), 
but hormones have been used to advantage in rooting blueberry, 
Montmorency cherry, some but not all grape varieties, certain 
Mailing rootstocks of cherry, apple, and pear, and rootstoelcs of 
plum (Table 2). It has been reported from England®® that 
softwood cuttings of apple, pear, plum, and cherry respond best 
to hormones when taken in late summer, after growth of the 
shoots has stopped. Successful rooting of fruit-tree cuttings 
was obtained by using talc powders containing 10,000 to 25,000 
p.p.m. of hormone.®® These high concentrations may have 
been necessary because of the woodier nature of cuttings made 
late in the summer. From New York, however, comes the 
report®’’ that the most rapid rooting occurred witli very young 
softwood cuttings of the apple varieties Rhode Island Greening, 
McIntosh, Grimes Golden, Northern Spy, Stayman Winesap, 




HORMONES AND THE ROOTING OF CUTTINGS 


Fig. 4. — -Effect of hormone treatment on the rooting of herbaceous or near-herbaceous 

plants. 

A, carnation (Dianthus caryophyllua) . Quick-dip treatment (concentrated hormone 
solution). Left, water only; right, potassium salt of indolebutyric acid at 10 mg. per 
ml. of water (10,000 p.p.m.). Cuttings treated Mar. 12, photo taken Apr. 4. 

B, poinsettia (Euphorbia pvlcherrima) , Hormone powder treatment Left, talc 
only; indolebutyric acid at 2 mg. per g. of talc (2,000 p.p.m.). Cuttings treated 
May 8, photo taken June 10. (Photographs, courtesy of Boyce Thompson Institute for 
Plant Research,) 
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and Yellow Transparent; the hormone used was in(ioiel)utyri(; 
acid. Optimum rooting occurred when cut tings weiv 1 i-eat(‘d 24 
hours in a solution containing 40 p.p.m., or dipped in a talc prep- 
aration containing 8,000 p.p.m. Although tlie difficult ie.'^ that 
arise in rooting fruit-tree cuttings have not been resolved com- 
pletel}^ by hormone treatment, sufficient evidence is at liand to 
suggest that the use of such substances liolds consiilerable 
promise. 

Herbaceous Plants.— Since most herbaceous plants are prop- 
agated from seed, hormone treatment of cuttings has only 
limited usefulness. However, indoleacetic, indolebulyric, ami 
naphthaleneacetic acids are all effective in rooting herbaceous 
plants. Cuttings that respond to hormone treatment include 
carnation (Fig. 4)j, chrysanthemum, dahlia, geranium, paehy- 
sandra, and verbena, and such trailing or climbing plants as 
English ivy, German ivy, and hone 3 ’suckle. Indolebut,\Tic acid 
solutions at concentrations of 5 to 10 p.p.m. have ha.stened root- 
ing of a number of succulent herbs, but the woodier types of 
herbaceous plants require concentrations up to 50 or 100 p.p.m. 
(Table 2). Rooting powders containing 1,000 p.p.m. of hormone 
are satisfactory. Injuries to herbaceous cuttings from toxic 
concentrations take the form of bending and twisting of tlie 
stem and petioles, or dying at the base; dense ma.sscs of aborted 
roots are also a characteristic injury. The recovery power of 
herbaceous plants is remarkable, however, since few cuttings are 
permanently injured.®® 

PROPAGATION BY LAYERING 

In simple layering, the stems of certain kinds of plants may 
be bent over and covered with earth at one point, the tip remain- 
ing above soil level (Fig. 5). When roots and shoots liave 
formed from the buried stem, the new plants may be separated 
from the parent plant. In continuous layering t he entire branch 
is buried; in tip layering, the branch tips are bent to the earth 
and pegged (Fig. 5E). 

Hormones have been used in promoting root- giowth of 
trench-layered pecans.^® The method used consisted of insert- 
ing toothpicks that had been soaked in indolebutyrie acid into 
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small holes drilled in the stems; the stems had been layered for 
several weeks before treatment. Good rooting resulted. 

Mound or hillock layering generally consists of cutting off the 
parent plant a few inches above the ground and covering ' the 
stumps with earth (Fig. 6). This is the common method of 





Fig, 5. — Propagation by, simple layering. A, layering of a rose cane. B and 
enlarged portion of cane below the soil surface, showing notch or girdle made in the stem 
to facilitate rooting. Hormone powder applied at girdle or notch hastens rooting and 
gives better root system. I), underground portion of cane which has produced roots 
and has been cut from parent plant later in season. E, tip layering. The new plant is 
cut from the parent when it has produce(^vigorous roots and shoots. 

propagating apple understocks. Numerous new shoots develop, 
and roots form on these. Late in the same season or the follow- 
ing spring, the newly established plants may be cut from the 
stock plant. 

Many tropical plants and greenhouse ornamentals are prop- 
agated by air layering (sometimes knoAvn as “marcottage”). 
In this method (Fig. 7) the stem is first notched or girdled and 
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then wrapped in a ball of wet sphagnum moss, llie moss may 
be covered with a flowerpot that has been cut in two lengtlnvise; 
waterproof paper will also keep the moss from drj’ing out. 'Ihe 
entire shoot (marcot) above the girdle or notch is removed from 
the parent plant after roots have formed within the ball of moss. 

Hormones have been used successfully to stimulate root 
development on plants propagated by air la 5 ’’ering. Indoleacetic 
acid in lanolin paste in concentrations of either 1 or 3 per c-ent 



Fig. 6. — Propagation by mound layering. A, branches cut ofT aboul 2 in. above 
ground in early spring. as buds sprout and grow fr(.>in A, ii mound of soil is built 
up to a depth of 5 or 6 in. above the original soil level. To hasten rooting ami produce 
better root systems, hormone powder may be sprinkled on the soil around the Imses of 
the new shoots at a level just above the stubs of the old brandies as the mound m built 
up. In late fall, the rooted new shoots, or “layers,” are removed and planted, 

(1 or 3 g. of the pure acid thoroughly mixed in 100 g. of melted 
lanolin) has improved the rooting of marcots of young mango 
rplants.®iiS«' Cuttings from 2- to 3-year-old plants were also 
successfully rooted by ringing the attached shoots of the plant 
with a lanolin paste containing 3 per cent indoleacetic acid. 
After 24 hours’ treatment the shoots were cut off below the lano- 
lin ring and planted.®” This method may prove successful on 
other tropical plants which ordinarily are difficult to root or 
which in the past have been propagated only by marcots. 

Air layering of pecan proved successful when indolebutyric 
acid was used. Cooper^® obtained better rooting of cinchona 
and cacao marcots by applying concentrated solutions of indole- 
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butyric acid (5 mg. per ml.) to girdled stems before wrapping 
them in wet moss. In 6 weeks, 66 per cent of the treated cacao 
marcots had formed good roots, compared to 16 per cent of the 
untreated marcots. In a month’s time all treated marcots of a 



Fig. 7. — Propagation by air layering. A, stem is notched or girdled preparatory to 
layering. Hormone powder applied to the stem just above the notch or girdle hastens 
rooting. The stem should be moistened to make the powder adhere. B, under moist 
atmospheric conditions, wet sphagnum moss is tied around the stem, mostly above the 
girdle or notch. C, rooted portion is later severed from the parent stem (as roots start 
to emerge from the sphagnum ball) and planted. D and E, under dry atmospheric 
conditions, a pot or waterproof paper helps to retain moisture in the sphagnum. 

hybrid cinchona tree had formed good roots, whereas none of the 
untreated marcots rooted. 

PROPAGATION BY LEAF CUTTINGS 

Leaves of certain kinds of plants may be used in propagation. 
Leaf cuttings may be superior to stem cuttings not only because 
suitable leaves are more numerous than available stems, but also 
because one leaf may give rise to more than one new individual, 
as in rex begonia (Fig. 8). 

In a leaf cutting, no portion of the stem is necessary. The 
subsequent handling of the cutting depends upon the plant: rex 
begonia leaves, for example, are cut through where any two 
large veins meet, and laid on a surface of moist sand. The leaves 
may be held in place by pebbles or earth. The new plants arise 
near the site of the cut veins. African violet leaves, placed with 
the petiole in sand or water, form new plants at the cut end of the 
petiole (Fig. 9). 



B 

Fig. 8. — Propagation of rex begonia {Begonia rex) from a single leaf, leaf mtli 
veins cut ready to be placed on moist sand. B, leaf with plantlets growing from tissue 
near cuts. 


begonia in a solution containing 100 p.p.m. indoleacetic acid. 
Roots appeared on treated leaves in 11 to 12 days; tlie shoots 
developed somewhat later. Untreated leaves rooted much la ter, 
or not at all. Similar treatment® of leaves from the India rubber 
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plant {Ficus elastica) resulted in root formation in 28 days, 
whereas untreated leaves showed no roots after 30 days. Leaves 
of Clusia rosea, however, did not respond to treatment. Rooting 
of African violet leaves (Saintpaulia) has been hastened by 
hormone treatment, but shoot growth is no quicker than in 
untreated cuttings. There is still insufficient evidence to 
indicate whether the use of hormones in propagation by leaf 
cuttings is advantageous enough to warrant their general use. 



Fig. 9. — Propagation of African violet {Saintpavlia ionantha) from a single leaf; 
roots and plantlets developing from cut end of the petiole. {Photograph, courtesy of . 
Brooklyn Botanic Garden.) 

Hormone powders have been used successfully^*-^”® in the 
rooting of leaf-mallet or ‘Teaf-bud” cuttings of rhododendron 
(Fig. 11), but they are effective only when the cuttings are from 
the current year’s growth. On such cuttings roots are actually 
formed from stem tissue, because the cuttings consist of a leaf 
with an axillary bud on a short stem segment. The moistened 
mallet portion (including the bud) of the cutting is merely dipped 
into the hormone powder before planting. Results of the hor- 
mone treatment of various rhododendron species are given in 
Tables 1 and 2. 
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PROPAGATION BY ROOT CUTTINGS 


Small pieces of root of many different kinds of plants have 
the capacity to regenerate stems and leaves, and thus form entire 



Fig. 10. — Effect of hormone treatment on the rooting of leaf cuttings, ii, begonia 
var. Marjorie Gibbs. Hormone powder treatfnent. Left, talc only; right, indolebutyric 
acid at 1 mg. per g. of talc (1,000 p.p.m.). Cuttings treated Dec. 28, photograph 
taken Jan. 31. 

lily bulb scales (Lilium regale). Hormone powder treatment. Left, talc only; 
right, indolebutyric acid at 1 mg. per g. of talc (1,000 p.p.m.). Cuttings treated Oct. 
25, photo taken Nov, 28. {Photographs, courtesy of Boyce Thompson Institute, for Plant 
Research.) 

new plants. Most plants that sucker freely from the roots can 
be propagated in this way. 

The handling of root cuttings varies with the diameter and 
strength of the roots. Fine and delicate roots are cut into 1- to 
2-in. lengths, scattered over the surface of the soil, and covered 
with in. of finely sifted light loam or sand. Roots wuth large 
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diameters are cut 4 to 6 in. long and planted horizontally in 
trenches. 

Root cuttings of the Russian dandelion {Taraxacum kok- 
saghyz), treated with hormones in solution or in powder form,®® 
showed 60 to 100 per cent rooting, compared to 40 per cent 
rooting of untreated controls. Segments of horseradish roots 
(Cochlearia armoracea) produced more roots when treated with 
lanolin paste mixtures of 2 per cent indoleacetic acid or naphtha- 



Fig. 11. — Propagation of rhododendron by leaf-bud cuttings, a, strong shoot of 
Rhododendron catawbiense which will provide several cuttings, b, single leaf-bud 
cutting, c, root development of a Rhododendron decorum leaf-bud cutting a few 
weeks after the cutting was made, d, young plant of Rhododendron decorum approxi- 
mately 5 months after the cutting was made. Dilute hormone solution treatment 
(indolebutyric acid at 6 mg. per 100 ml, water for 8 to 24 hours) gives better root systems 
and reduces rooting time by 2 to 3 weeks. {Photographs, courtesy of H.T. Skinner.) 

leneacetic acid, but shoot growth was inhibited by such a high 
concentration of hormone.®® 

Proper hormone treatment will doubtless prove an aid in 
obtaining quicker rooting and larger root systems in root cut- 
tings of many kinds of plants. 

evaluation' AND "STTMMARY 

The capacity of parts of plants to produce new roots and 
shoots makes it possible to perpetuate many kinds of plants by 
vegetative . propagation. The offspring of such vegetatively 
propagated plants are identical with the parent plant, thus mak- 
ing it possible to perpetuate without genetic change such desir- 
able characteristics as disease resistance, fruit quality, and 

(Continued on page 114) 
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Table 3. — Cuttings of Plants Repoetbd Not to Respond to Hobmonb 

Treatments Tested 

The starred (*) species root easily (80 to 100 per cent) with or without treat- 
ment. Hormones might aid in rooting certain clones of these species under other 
conditions than those tested. Citations to the literature are given for the benefit 
of those who may wish to consult the original reports. 


Scientific nanief 

Acacia alata 

Acacia decurrens dealbata 

Acacia longijolia m . . . 

Acantholimon venustum 

Acer campesire 

Acer platanoides 

Aleurites moliiccana 

Annona cherimola, 

Araucaria angustifolia 

Benzoin aestivale (See Lindera hetizoin ) . . 

Bidbophylhirn careyamim . . . . 

Buxtis quadrangularts 

Calycanthus floridiis 

Calycanthus occidentalis 

Camellia sasanqua 

*Ca7npsis radicans 

Cananga odorata 

Caragana arhorescens pefidtda 

Carpinus bet id us 

Cassine niauroeefim (See Maurocenia 

pensis) 

"^Cephalanthiis occidentalis 

Chaenomeles lagenaria 

Chamaecyparis lawsonmna 

Chamaecyparis ohtusa 

Chamaecyparis pisifera aurea 

Cinnamo'mtim caniphora 

*Cladrastis lutea 

Cornus mas 

Coto7ieaster adpressa 

Cotoneastcr apicidata 

Cotoneastcr huxi folia 

Cotofieaster diclsiann 

Coto7ieaster divaricate 

Coto'neastcr fovcolata . . . . . 

Cotoneastcr dnotipinens is 

Cotoneaster race^niflora soongorica 

Cotoneaster zaheli. 


Common name f 

Investi- 

gators! 

Winged Acacia 

130 

Sdvergreen Wattle Acacia 

130 

Narrow Sydney Acacia 

130 ' 

Largefiower Prickly-thrift 

21 

Hedge Maple 

11 

Norway Maple 

127 

Candlenuttree 

71 

Cherimoya 

71 

Parana Araucaria 

! 71 

Orchid 

! 22 

Box 

: 71 

Common Sweetshrnb 

11 

California Swmetshrub 

132 

Sasanqua Camellia 

21 

Common Trumpetcreeper 

105 

Ylangylang 

71 

Weeping Siberian Pea- 

105 

shrub 


European Hornbeam 

n 

Common Buttonbush 

105 

Common Flowering Quince 

11 

Lawson Falsecypress 

71 

HinoM Falsecypress 

11 

Golden Sawara Falsecy- 

11 

press 


Camphortree 

71 

American Yellowwood 

105 

Corneliancherry Dogwood 

11 

Creeping Cotoneaster 

11 

Cranberry Cotoneaster 

11 

Cotoneaster 

83 

Diels Cotoneaster 

11 

Spreading Cotoneaster 

11 

Glossy Cotoneaster 

11 

Moupin Cotoneaster 

11 

Sungari Redhead Coton- 

90 

easter 


Cherryberry Cotoneaster 

11 


t Nainfi.8,.oi.n]ji.nts are chiiefly those given in “Standardized Plant Names.”^^® 
t Numbers refer to literature cited at end of chapter. 
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Table 3. — Cuttings of Plants Reported Not to Respond to Hormone 
Treatments Tested {Continued) 


Scientific name t 

Common name f 

Investi- 

gators! 

Crataegus phaeriopyrvm 

Washington Hawthorn 

11 

Cunonia capensis 

Cape Cunonia 

71 

Deutzia gracilis 

Slender Deutzia 

135 

Deuizia laxiflora 

Deutzia 

90 

Deutzia scahra 

Fuzzy Deutzia var. Pride 
of Rochester 

90 

Deutzia scabra pleniilora 

Fuzzy Deutzia var. 

90 

"^Enkianthus pendaius 

White Enkianthiis 

107 

Erica australis 

Southern Heath 

130 

Erica caffra 

Heath 

130 

Erinacea pungens 

Erinacea 

130 

Eucalyptus globulus 

Tasmanian Blue Euca- 
lyptus 

71 

Eucommia ulmoides 

i Eucommia 

! 130 

*Euonymus forhmei colorata 

Purpleieaf Wintercreeper 
Euonymus 

11 

Eupatorium riparimn 

River Eupatorium 

90 

Euphoria litcki 

Euphoria 

71 

Eurya japonica 

: Eurya ) 

71 

Exochorda racemosa 

Common Pearlbiish 

11 

Feijoa sellowiana 

Pineapple Guava 

130 

Ficus porteana 

Fig 

71 

^Fothergilla gar deni {F. Carolina) 

Dwarf Pothergilia 

105 

Grevillea juniper iria stdphurea 

Yellow J unipei* GrcjvillcNx 

135 

Griselina littoralis 

Kupukatree 

130 

Griselina lucida 

Griselina 

71 

*Gypsopkila paniculata 

Babysbreatli 

130 

Humulus lupidus 

Common Hop var. Brew- 
er’s Gold 

3 

Hymenaea courharil 

Courbaril 

71 

Hymenanthera crassifolia 

Hymenanthera 

71 

Jasminurn stephanense 

Stephan Jasmine 

105 

Kleinia neriifolia 

Kleinia 

71 

Larix decidua 

European Larch 

11 

Laurus nobilis 

Grecian Laurel 

71 

*Leucothoe caieshaei 

Drooping Leiicothoe 

107 

Ligusirum japonicurn 

Japanese Privet 

135 

Lindera benzoin 

Common Spicebiish 

11 

Linum fiavum 

Golden Flax 

90, 

Lonicera nitida 

Box Honeysuckle 

21 ■ 

Macadamia ternifolia 

1 Qiieenslandnut Mac- 
adamia 

71 

Magnolia kobus ’ 

Kobus Magnolia 

' 11 

Mahoberheris neuberii latifoUa 

Mahoberheris var. 

11 

Maurocenia capensis 

Hottentot Cherry 

71 

Menziesia ciliicalyx . ..................... 

Menziesia 

21 
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Table 3. Cuttings of Plants Reported Not to Respond to Hormone 
Treatments Tested {Continued) 


Scientific iiamef 

Common namef 

Investi- 
gators t 

M ichelia fiiscata 

Bananashrub 

92 

Myrica pensyhamca 

Northern Bayberry 

11 

Olea europaea . . . 

Common Olive 

36 

Pernettya mucronata rupicola 

Pernettya var. Lencocarpa 

21 

Picea ahies 

Norway Spruce 

49, 53, 
55, 90 

Picea mariana 

Black Spruce 

53 

Pinus densi flora mnhracvUfera 

Japanese Red Pine var. 

11 

Popidus sp 

Aspen 

1 

Prunus cerasifera pissardi 

Pissard Myrobalan Plum 

11 

Prunus nana {P. tenellaf) 

(Russian Almond?) 

88 

Prumis subhirtella pendida 

Weeping Japanese Flower- 
ing Cherry 

11 

Quercus rohiir fastigiata 

Pyramidal English Oak 

11 

Quercus suher 

Cork Oak 

71 

Rhammis frangida 

Glossy Buckthorn 

11 

Rhododendron altadarense veitchi 

Rhododendron 

1 107 

Rhododendron dauricmn seinpervirens 

Evergreen Dahurian Rho- 
dodendron 

107 

Rhododendron gandavense 

Ghent Azalea vars. Bou- 
quet de Flore, Ruddy 
Ghent, Souvenir de Pres. 
Carnot 

107 

* Rhododendron japonicurn auretmi 

Golden Japanese Azalea 

107 

Rhododendron mode 

Azalea var. Compte de 
Gomer 

107 

* Rhododendron mucronatum 

Snow Azalea 

78 

Rhododendron ohtusuin 

Azalea var. Firefly 

135 

Rhododendron and Azalea spp 

Rhododendron and Azalea 
vars. Christmas Cheer, 
Coral Bells, Flame, Pink 
Pearl 

78, 135 

Rosa canina 

Senffs Dog Rose 

8 

Rosa mulUflora 

Japanese Rose var. Che- 
naults 

90 

Rosa wilhnottiae 

Willmott Rose 

8 

Ruhus deliciosus. 

Boulder Raspberry 

87 

Syringa amtirensis japonica 

Japanese Tree Lilac 

87 

Taniarix galUca 

French Tamarisk 

83 

Thea sp 

Tea 

35 

'Thuja orientalis a, urea nana 

Berckmanns Arborvitae 

11 

Yangueria edulis 

Vangueria 

71 

Viburnum cassinoides 

Withered Viburnum 

135 

Viburnum rhyiidophyllum 

Leatherleaf Viburnum 

11 

"^Viburnum tomentosum, 

Doublefile Viburnum 

105 

Vitis champini 

Grape var. Dog Ridge 

63 


114 


E0RM0NE8 AND HORTICULTURE 


{Continued from page 39) 

growth vigor. Because roots are produced more readily than 
shoots, the common methods of propagation by layering and by 
root, stem, and leaf cuttings have as their basis the stimulation 
of root development. Hormones have proved to be of great 
advantage in rooting numerous kinds of plants. 

Indolebutyric and naphthaleneacetic acids (or their sodium 
and potassium salts) are the hormones that have been most 
successful in stimulating root development. Commercial prep- 
arations of these synthetic hormones are available for rooting 
cuttings of woody, semiwoody, and herbaceous plants. 

Other hormones such as di- and trichlorophenoxyacetic 
acids are highly active in stimulating root formation, but they 
may also cause malformation of the roots and shoots. 

Hormone treatment of stem cuttings consists of dipping the 
basal ends of the cuttings in hormone preparations. The use of 
hormone powders has been widely adopted. 

The greatest contribution of hormones to plant propagation 
lies in their success in bringing about earlier rooting and sturdier 
root systems in the cuttings of many species of deciduous 
flowering shrubs and broadleaf evergreens. Hormone treatment 
also increases the percentage of rooting in diflicult-to-root 
cuttings. The propagation of many commercially important 
herbaceous plants and a number of the more cpmmon species of 
coniferous trees and shrubs is also facilitated. 

In some species, rooting has not been markedly improved by 
hormone treatment, and thus far hormones are of no advantage 
whatsoever in rooting cuttings of plants that are never known to 
root without them. Furthermore, hormones will not substitute 
for the usual optimum conditions of light, moisture, and temper- 
ature that must be maintained for the successful rooting of all 
cuttings. 

Hardwood cuttings respond to hormone treatment less readily 
than do softwood cuttings. But, in general, hormones are 
beneficial in rooting so many kinds of plants that their use has 
become a standard practice in plant propagation. 
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CHAPTER III 


BLOSSOM-THINNING SPRAYS IN THE CONTROL 
OF FRUIT PRODUCTION 

With but few exceptions, apple varieties that are heavy 
bearers bear their crops in alternate years. Such heavy crops 
necessitate hand thinning, a laborious and expensive operation 
even when an ample supply of labor is available. Within the 
past few years chemical sprays have been discovered that will 
reduce fruit set by killing some of the flowers, thus accomplishing 
both fruit thinning and more even yearly bearing. This work 
is still in the experimental stage but promises to be an important 
contribution to control of crop production. Cherries, peaches, 
and other fruits, as well as apples, are now the object of investi- 
gation with blossom-thinning sprays. 

HISTORICAL 

The first tests to determine whether apple flowers could be 
killed without excessive leaf and fruit spur injury were reported 
by Auchter and Roberts.^ Sprays of inorganic compounds were 
ineffective, but cresylic acid and a tar-oil distillate showed 
promise of successfully reducing fruit set. Cresylic acid at 
the concentrations used caused severe injury to foliage, spurs, 
and twigs, but tar-oil distillate caused practically no injury and 
was quite successful in the destruction of flowers. Shepard®^ 
confirmed and extended the earlier work of Auchter and Roberts 
and proved the usefulness of cresylic acid. This chemical has 
not been used extensively, however, chiefly because of spur and 
foliage injury (Murneek^®). Of several tar-oil distillates, one 
high in creosote oiF^ was found to be quite effective. An 
emulsified form of creosote oil was first employed by Murneek.^® 
MacDaniels and Hildebrand, studying the inhibiting effect of 
certain compounds on pollen germination, first reported the 
successful use of a dinitrocresol preparation for reducing fruit 
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set. Other dinitro compounds have been employed with good 
results. More recently, certain plant hormones have been used 
effectively in blossom thinning. 

CHEMICALS AND CONCENTRATIONS EMPLOYED 
TO PREVENT FRUIT SET 

Of the numerous preparations that have been employed to 
prevent fruit set (Table 1), the dinitro compounds and creosote 
oil are now used most extensively, because their uniform com- 
position is better suited for experimental work. Tar-oil 
distillates, however, are still being used by some investigators. 
Creosote oil, the active ingredient of tar-oil distillates, is now 
marketed in an emulsified form. The various dinitro com- 
pounds are usually prepared in combination with certain 
wetting, spreading, or penetrating agents. Naphthaleneacetic 
acid, naphthaleneacetamide,®° and the sodium salt of naph- 
Table 1. — Chemicals Applied to Apple Teees as Bloom-killing Sprays 


Chemical compound 

Concentration 
range em- 
ployed in 
experiments, 
per cent 

Abbreviations 
used in Tables 
2 and 3 

Cresylic acid 

0.5-2 


Elgetoi (sodium 2,4-dinitro-o-cresylate) 

0.1-0. 8 


Dow compound, DN Dry Mix No. 1 (40% 2,4- 
dinitro-o-cy clohexvi phenol) 

0.25-2 

DNO, 

Dow compound, DN Dry Mix No. 2 (40% 2,4- 
dinitro-o-cresol) 

0.15-0.25 

Reico (creosote oil) 

0.6-1. 5 


Tar-oil distillate (unspecified composition) 

0.8-2 

TOD 

Tar-oil distillate No. 1 (60% creosote oil). 

0.5-4 

TOD 

Naphthaleneacetic acid 

0.003 

Naphthaleneacetamide 

0.008 


Sodium salt of naphthaleneacetic acid 

0.001-0.002 

NaNA 

Boron. . 

0.5-1 


thaleneacetic acid (sold as App-L-Set for controlling preharvest 
drop of fruity in low concentrations, have recently proved 
to be effective in blossom thinning. 

The chemicals and the range of concentrations employed as 
bloom-killing sprays are given in Table 1. The concentration 
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to be used depends upon the objective, i.e., whether merely 
thinning or shifting the year of heavy bearing. It is not possible 
to give an optimum concentration for a specific chemical because 
the concentration most effective for one apple variety may be 
less effective on another. The specific chemicals and their 
concentrations as used on 12 well-known varieties for ordinary 
thinning purposes, are reported in Table 2. The further use of 
these chemicals, for control of the biennial bearing habit, is 
reported in Table 3. 

PROCEDURE FOR REDUCING FRUIT SET WITH THINNING SPRAYS 

Method of Application. — The blossom-killing chemicals 
employed for fruit thinning have in every case been apphed in 
sprays ; every blossom must receive a little of the spray. Where 
a uniform thinning of the fruit is desired, entire trees are given 
a drench spray. In experimental work, “spot spraying” has 
been employed by a few workers.®’^® This procedure consists 
of spraying alternate large branches of the tree. Hewlett^ 
reports covering several branches of a tree with huge waterproof 
bags before spraying and removing them as soon as the tree is 
dry. The unsprayed areas serve as cheeks for the computation 
of the percentage of blossom clusters setting fruit. 

In general, the sprays have been applied with a standard 
spray rig operating at 400 to 500 lb. pressure. Thorough 
agitation is recommended. Hewlett^® and Murneek^^ recom- 
mend broom rather than gun sprajfing because less injury 
results. 

Gardner, Merrill, and Petering^^ noted that the blossom- 
killing qualities of several spray materials were increased by the 
addition of a wetting agent (santomers or aerosol). 

A few workers have experimented with a second application 
of a thinning spray, about 2 days after the first. The 

fact that not all flowers mature at the same time lends 
theoretical support to a second spraying. In practice, however, 
the single application gives adequate thinning (Table 2), at 
both the late cluster-bud and full-bloom stages. 

Time of Application. — ^The time of application of bloom- 
killing sprays is probably the most important single factor in the 
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2. Reducing Fruit Set in Well-kno'wn Varieties of Apples by Use 
OF Thinning Sprays 

Data are based on yield in biisliels, wherever such are available. The designation 
'Tight crop '” indicates a 40 to 60 per cent yield. For abbreviations see Table 1. 


Variety and 
reference 

Compound 

employed 

Number 
of trees 
employed 

Results 

Baldwin^ 

NaNA, 0.002% 

Not given 

Spray at full bloom reduced 
yield 60% 

Delicious, 

Golden^-* 

DNO, dormant 

strength 

i 

4 

Drench spray at cluster-bud 
stage resulted in approxi- 
mately a 60% reduction in 
yield. A light spraying of 
the same concentration re- 
sulted in a light crop 

24 

TOD, 0.8% 

4 * 

Drench spray reduced the 
yield approximately 50% 
when sprayed at cluster-bud 
stage. A light spraying of 
the same concentration gave 
satisfactory thinning and re- 
sulted in a full commercial 
crop 

24 

TOD, 1.6% 

1 

Drench spray at cluster-bud 
stage resulted in a 75% re- 
duction in yield. A light 
spraying of the same con- 
centration resulted in a full 
commercial crop 

Duchess (Olden- 
burg) 

DNO, 0.25% 

Not given 

Spraying* at full bloom mark- 
edly reduced fruit set and 
resulted in a light crop 

11 

DNO, 0.5% 

Not given 

Spraying t at full bloom mark- 




edly reduced fruit set and 
resulted in a very light crop 

19 

Elgetol, 0.6% 

1 

Marked reduction f in fruit set 
by spraying at full-bloom 
stage; yield approximately a 
full commercial crop 

Gano^^ 

DNO, 0.15 and 
0,2% 

Not given 

Ineffective t in reducing fruit 
set when spray is applied at 
the late pink stage. No data 
on yield of fruit 


^ Only a few limbs sprayed. 

. t Yield as compared with that of same tree or trees 2 years earlier. 
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Table 2. — Reducing Fruit Set in Well-known Varieties of Apples by Use 
OF Thinning Sprays (Continued) 


Variety anrl, 
reference 

1 Compound 

employed 

Number 
of trees 
employed 

J Results 

Gano®'* 

1 Reico, 0.6% and 
1.2% (creosote oil) 1 

Not given 

1 

significant reduction in 
fruit set as a result of spray- 
ing at the prepink to very 
early pink stage. No data 

1 on yield of fruit 

2n 

TOD, 0.4 and 0.8% 

4 

Spraying at cluster-bud stage 
markedly reduced fruit set 
and resulted in a light crop 

24 

TOD, 1.6% 

1 

i 

Fruit set and subsequent yield 
practically eliminated as a 
result of spraying at cluster- 
: bud stage 

Grimes Golden-'^ 

TOD, 1.6% 

1 2 

Fruit set and subsequent yield 
practically eliminated by both 
drenidi and light sprays at 
' cluster-bud stage 

('Trinies' 

KaK.4, 0.001% 

Not given 

Spray at full bloom reduced 
yield 70 % 

Jonathan''^ 

TOD, 2.0% 

20 

1 Fruit set reduced to approxi- 
mately 10% as a result of 
spraying in late cluster-bud 
stage. Earlier and later 
sprayings reduced fruit set 
to approximately 30 to 50%. 
No data on yield of fruit 

7 

NaNA, 0.001% 

Not given 

Spray at full bloom reduced 
yield 80% 

Starking^ 

NaNA, 0.001% 

Not given 

Spray at full bloom reduced 
yield 65% 

Wealthy 

DNO, 0.25% 

Not given 

Fruit sett unaffected when 
spray is applied at full bloom. 
No data on yield, of fruit 

11 

DNO, 0.5% 

Not given 

Fruit setf m,a.rkedly reduced 
as a result of spraying at full 
bloom. No data on yield of 
fruit. Addition of a wetting 
agent inc.reases the effective- 
ness of the spray 
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Table 2. Reducing Fruit Set in Well-known Varieties of Apples by Use 
OF Thinning Sprays {Continued) 


Variety and 
reference 

Compound 

employed 

Number 
of trees 
employed 

Results 

Wealthy 

Elgetol, 0.125% 

Not given 

Satisfactory thinning by spray- 
ing at full bloom 

19 

Elgetol, 0.4% 

2 

Satisf actorj^ thinning by spray- 
ing at full bloom ; full com- 
mercial crop 

13,32 

Elgetol, 0.2% 

15 

Satisfactory thinning by spray- 
ing at full bloom; full com- 
mercial crop 


NaNA, 0.001 % 

Not given 

Spray at full bloom reduced 
yield 45% 

Winesap^'^ 

TOD, 0.8 and 1.6% 

2 

Marked reduction in fruit set 
when trees were sprayed in 
cluster-bud stage; yield prac- 
tically eliminated 

Winesap, Stay- 

DNO, }4 dormant 

5 

Fruit set very markedly re- 


strength 


duced and yield practically 
eliminated by the usual 
drench spray at cluster-bud 
stage. Light spray at clus- 
ter-bud stage resulted in 
approximately a 15% crop 

23 

1 

TOD, 0.8% 

3 

Fruit set markedly reduced as 
a result of spraying at the 
late eluster-bud stage. A 
very light crop resulted 

24 

TOD, 0.8 and 1.6% 

2 

As above. Spray applied at 
cluster-bud stage 

24 

j 

TOD, 2.0% 

15 

Fruit set markedly reduced by 
spraying at cluster-bud stage. 
No data on yield of fruit 

Yellow Trans- 
parent- 

DNO, dormant 

strength 

Not given 

Ineffective in reducing fruit 
set when spray is applied at 
early pink stage 

23 ^ 

TOD, 0.8% 

2 

Ineffective, as above 

19 

Dinitro cresol, M 
dormant strength 
(DNj Dry Mix 
No. 2) 

1 

Marked reduction* in fruit set 
as a result of spraying at full 
bloom. A light crop resulted 
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Table 2. — Ebducing Feuit Set in Well-known Varieties op Apples by Use 
OF Thinning Sprays {Continued) 


Variety and 
reference 

Compound 

employed 

Number 
of trees 
employed 

Results 

York ImperiaP^^ 

DNO, J'2 dormant 
strength 

3 

Fruit set reduced as a result of 
spraying IS-yr.-old trees in 
late cluster-bud stage. A 
light crop resulted 

S3 

As above 

2 

Fruit set markedly reduced by 
spraying old trees at late 
cluster-bud stage. A very 
light crop resulted 

23 

TOD, 0.8% 

3 

Fruit set markedly reduced as 
a result of spraying 18-yr.- 
old trees at late cluster-bud 
stage. A very light crop 
resulted 

23 

As above 

2 

Fruit set mai’kedly reduced on 
old trees as a result of spray- 
ing at late cluster-bud stage. 
A light crop resulted 

24 

TOD, 1.6% 

2 

Fruit set markedly reduced by 
drench and light sprays at 
the cluster-bud stage. 
Drench spray resulted in a 
light crop while a light spray- 
ing gave a full commercial 
crop 

S 

Eigetoi, 0.2-0.3% | 

Not given 

Fruit crop significantly thin- 
ned but full commercial crop 
produced 


practice of reducing fruit set by sprajdng. The early investi- 
gators applied such sprays chiefly at the early and late cluster- 
bud stages (Fig. 1).^’®^ Shepard®^ noted that the most effective 
time for applying cresylic acid and tar-oil distillate was in the late 
cluster-bud stage “when center bloom of the cluster was begin- 
ning to open and before the pedicels have separated or lengthened 
to any extent.” According to Murneek®® about 10 per cent of 
the first flowers are open at this stage. The practice of spraying 
at the late cluster-bud stage has been followed by a number of 
workers,®®’®^’®®’®® and successful thinning thus achieved. The 
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fact, however, that lower concentrations of effective sprays can 
be applied successfully to trees in full bloom, indicates that the 
trend is away from spraying at the cluster-bud stage. 

Successful reduction in fruit set has been achieved by the use 
of DNO, Elgetol, TOD, and the sodium salt of naphthaleneacetic 
acid applied to trees in full bloom. For most 
varieties 2 to 3 days elapse between the opening of the first 
flowers and the full-bloom stage. MacDaniels and Hoffman,^® 



Fig. 1. — Development of apple blossoms and young fruit. A, late delayed dor- 
mant stage. B, early cluster-bud (prepink) stage. C, late cluster-bud (full-pink) 
stage. D, full bloom. In most varieties the center blossom of the cluster opens and 
generally is pollinated 2 or 3 days before the others. (Note petals gone from center 
blossom.) calyx cup stage (when last of petals are falling). F, 10 days after petal 
fall. G, young fruits after June drop. 

using Elgetol, noted that “closed blossoms are not killed by the 
spray, nor are blossoms that have been pollinated for a suffi- 
ciently long time to permit fertilization.” The numerous recent 
studies just mentioned make it clear that most satisfactory 
results are now obtained by the use of thinning sprays at the 
full-bloom stage.* 

* Hoffman (correspondence) recommends that varieties such as Yellow Trans- 
parent, Duchess, Early McIntosh, Wealthy, Baldwin, and Golden Delicious be 
sprayed as soon as lateral flowers of the spur open. These varieties can develop 
fruit with their own pollen and, by the time lateral flow^ers open, the center flowers 
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Hewlett^® and others point out that the timing of sprays as to 
satisfactory vs. unsatisfactory results may depend upon a 
difference of a single day. This applies to treatment at the 
full-bloom stage, rather than prebloom spraying. Murneek®^ 
noted that the spray has probably been applied too late if large 
numbers of the petals are knocked off. 

One objection that has been raised to applying thinning 
sprays at full bloom is that some of the compounds used may be 
toxic to bees. Hoffman (correspondence) comments as follows : 

Apiculturists . . . have found in laboratory studies that DNs at the con- 
centration used for blossom thinning are toxic to bees and will kill them if they 
take it internally. These results were obtained by limiting the bees to a 
source of food which contained the DN. . . . Under orchard conditions, 
however, no damage has ever been found. ... 

Apparently the bees do not collect pollen from trees that have been sprayed. 
Probably this is true because the material destroys pollen and also kills 
anthers which have not yet dehisced. The bees do not take such pollen back 
to the hive where it would be poisonous to the brood as is the case with arse- 
nate of lead. Bees working in trees when the material is applied leave the 
trees but they will come back to them after the material has dried. Under 
such conditions they do not seem to pick it up and it is not harmful to them 
if they merely come in contact with it. . . . 

Should any material applied during bloom ever prove harmful to bees 
under orchard conditions, its use wmuld be prohibited by law. It is necessary 
to give protection to these useful insects because of their value in cross- 
pollination. 

EFFECTIVEHESS OF THINNING SPEAYS 

The data in Table 2 show that reduction in fruit set of 12 apple 
varieties is readily obtained by the use of thinning sprays. In 
Golden Delicious, Duchess, Wealthy, and York Imperial, the 
proper application of suitable sprays achieved a satisfactory 
thinning of fruit and full commercial crops. In varieties the 
blooms of which are easily injured by sprays, too great thinning 
is apt to result, with subsequent elimination of crop; in varieties 
more resistant to injury, control of fruit set is not so much of a 

seem safe from the killing properties of the spray. With varieties such as McIntosh 
and Delicious, which definitely require cross-pollmation, the timing with reference 
to flower development is more difficult. To thin these successfully, it is important 
to know, when sufficient cross-pollination has taken place to ensure the setting 
process. 
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problem. Hewlett,^® using Elgetol, has reported that a con- 
centration of 0.3 to 0.4 per cent in Ohio might be considered the 
basic treatment for the resistant varieties. For easily injured 
varieties 0.2 to 0.3 per cent Elgetol would be the correct con- 
centration. Hewlett included the following varieties in these 
two groups: 

Varieties Readily Injured by Spray 

Cortland 
Melba 

Early McIntosh 
Grimes Golden 
Golden Delicious 
Northern Spy 
Rome Beauty 
York Imperial 

Although, as shown by the data in Table 2, uniform results 
are not as yet obtainable for all varieties, experiments with 
thinning sprays in the variety Wealthy have been so extensive 
that the necessity for hand thinrdng has been largely eliminated. 
It can now be said with reasonable certainty that for the variety 
Wealthy, under favorable weather conditions, a 0.2 per cent 
spray of Elgetol applied at full bloom will give satisfactory 
thinning and a full commercial crop. 

Drench sprays of DNO at half dormant strength and TOD 
at 0.4 and 0.8 per cent have been used on a number of varieties, 
but thus far have thinned too extensively; 40 to 60 per cent full 
commercial crops have resulted. 

If naphthaleneacetic acid, preferably its sodium salt, is 
sprayed on at the calyx stage (2 or 3 days followung full bloom), 
only part of the flowers drop. The use of naphthaleneacetic acid 
supersedes that of the dinitro compounds, particularly where the 
self-unfruitful varieties are concerned, because the complications 
with cross-pollination can be largely eliminated. The applica- 
tion of this thinning spray can be delayed until the calyx stage, 
or even up to 10 days later; meanwhile the potential set can be 
more accurately determined. The thinning spray may then be 
applied as required.* Naphthaleneacetic acid is effective in 

* Hoffman, private communication. 


Varieties More Resistant to Injury 
by Spray 
Baldwin 

Duchess (Oldenburg) 

Yellow Transparent 
Wealthy 
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Table 3.— Contkol of the Biennial Beabing Habit in Well-known Com- 
mercial Varieties of Apples by Use of Thinning Sprays 


Data are based on yield in bushels, wherever such are available. The desig- 
nation “light crop"’ indicates a 40 to 60 per cent yield (also see Table 4). For 
abbreviations see Table 1. 


Variety and 
reference 

Compound 

employed 

Number 
of trees 
employed 

Results 

Baldwin^® 

Elgetol, 0.6% 

1 

Yield* reduced 30% in “'on’’ 
year by spraying at full 
bloom. Reduction in jueld 
insufficient ‘to cause a good 
crop in following “off” year 

Cortland^® 

DNO, dormant 
strength 

1 

Yield* reduced 30% in “on” 
year by spraying at full 
bloom. Reduction in yield 
sufficient to bring about a 
full commercial crop in fol- 
lowing “off” year 

19 

Elgetol, 0.6% 

1 

Crop* entirely eliminated in 
“on” year by spraying at 
full bloom. A light crop in 
following “off” year 

Delicious, I 

Golden-*’ 

DNO, 0.5 and 0.7% 

8 

Yield reduced 75% in “on” 
year by spraymg at late 
cluster-bud stage. A light 
crop in following “off” year 

26 

DNO, 1.0% ! 

■ 4 ■■ ' 

Yield eliminated in “on” year 
by spraymg at late cluster- 
bud stage. Full commercial 
crop the following “off ” year 

26 . 1 

1 

1 

Reico, 0,5% (creo- 
sote oil) 

4 

Yield reduced 50% in “on” 
year by spraymg at late 
ciuster-bud stage. A light 
crop in following “off” year 

26 

Reico, 1.5% 

12 

Yield reduced 75% in “on” 
year as a result of spraying 
at late cluster-bud stage. 
Full commercial crop in fol- 
lowing “off” year 


* Yield as compared with that of same tree or trees 2 years earlier. 
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Table 3. — Control op the Biennial Bbaeins Habit in WelIi-known Com- 
mercial Varieties op Apples by Use op Thinning Sprats {Continued) 


Variety and 
reference | 

Compound 

employed 

Number 
of trees 
employed 

Results 

DeliciouSj 

Golden^e 

TOD, 0.5% 

4 

Yield reduced 40% in “on’’ 
year by spraying at late 
cluster-bud stage. Full com- 
mercial crop in following 
“otf” year 

26 

TOD, 2.0% 

. 

4 

Yield eliminated in “on” year 
by spraying at late cluster- 
bud stage. Full commercial 
crop the following “off” year 

Wealthy 

DNO, 1.0 and 2.0% 

2 

Yields reduced 70 and 80% 
(at 1 and 2 % concentrations, 
respectively) as a result of 
spraying at late cluster-bud 
stage. Good crop the fol- 
lowing “off” year 

15 

Elgetol, 0.3 and 
0.4% 

Not given 

Adequate thinning and full 
commercial crop as a result 
of spraying at full bloom . 
Full commercial crop the fol- 
lowing “off” year 

26 

Reico, 1.0% 

3 

Yield reduced 25% by spray- 
ing at late cluster-bud stage. 
No crop in following “off” 
year 

26 

Reico, 1.5% 1 

. 

2 

Yield reduced 60% by spray- 
ing at late cluster-bud stage. 
Light crop the following 
“off” year 

York Imperiar'^ 

DNO, K-K dor- 
mant strength 

Not given 

Yield reduced 65 to 75% in 
“on” year by spraying at 
late cluster-bud stage. Good 
crop in following “off” year 

19 

Elgetol, 0.6% 

1 

i 

Yield* practically eliminated 
as a result of spraying at full 
bloom. A light crop in fol- 
lowing “off” year 




134 


HORMONES AND HORTICULTURE 


thinning when used alone, or in combination with wettable 
sulfur, with wettable sulfur and lime, or with arsenate of lead. 

CONTROL OF BIENNIAL BEARING HABIT 

The most striking use of thinning sprays is in the control of 
biennial bearing. Heavy-bearing varieties such as Wealthy, 
York Imperial, Yellow Transparent, and Golden Delicious if 
adequately thinned in the “on” year give a full commercial crop 
in the succeeding “off” year.^“ Indeed, it is possible to elimi- 
nate an “on ’’-year crop and thus completely switch the j^ear of 
bearing^®’®® to what would ordinarily be the “off” year; com- 
plete removal of a crop may be accomplished by tar-oil or DNO 
sprays in the concentrations given in Table 4 (see Table 3 also). 
Such a procedure allows the grower to take advantage of the 
higher market prices that usually prevail during “off” years of 
fruit production. 

The data in Table 3 show in most instances that the current 
year’s crop must be rather heavily thinned to assure a full com- 
mercial crop in the following “off” year. Typical examples of 
completely switching the year of bearing are given in Table 4. 

T,a.bl'e 4, — Effect op Thinning Sprays in Altering the Biennial Bearing 

Habit 


■ Variety 

Spray, applied in 
year 

Average yield per 
tree, bu. (^^on” 
year) 

Performance ‘in 
following 
year 



Bloom 

Yield 

Wealthy 

DNO, 2.0% 

2.5 

Heavy 

Heav}' 


Check (no thinning 
spray) 

12.5 

None 

None 

Golden Delicious 

DNO, 1.0% 

0 

Heavy 

Heavy 


TOD, 2.0% 

0 

Heavy 

Heavy 


Check (no thinning 
spray) 

Heavy 

None 

None 


* Murneek.2’’ 


Hoffman and VanGeluwe^® found that a second application 
of 0.2 per cent Elgetol, 2 days after the first, was more effective 
in changing the biennial bearing habit of Wealthy apple trees 
than a single application of 0.3 or 0.4 per cent Elgetol. 
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VARIETAL DIFFERENCES IN RESPONSE TO BLOOM-KILLING SPRAYS 

Killmg of Blossoms. — Responses to bloom-killing sprays are 
varied. With some varieties almost complete bloom kill is 
possible, others are more resistant. Murneek^® reported com- 
plete blossom kill in Golden Dehcious, and Hewlett had similar 
results with Cortland and Melba. Of three varieties studied by 
Gardner, Merrill, and Petering, Duchess was most susceptible, 
Ontario least, and Wealthy occupied an intermediate position. 
Magness, Batjer, and Harley^^ made similar observations. 

Differentiation of Buds for Following Years. — Varieties also 
respond differently as to the number of flower buds that differ- 
entiate for the crop following the year of treatment with these 
sprays. Hewlett^® observed that York Imperial produced 
considerably fewer flower buds for the next year than ^d Cort- 
land, although neither showed much spray injury. Murneek^® 
tried to establish a criterion, based on the amount of fruit set 
the year of treatment, which could be used in predicting the 
fruit set for the following year. He found that if there is a 
complete blossom kill (Golden Delicious), or if the flowers are 
destroyed to such an extent that no more than 5 fruits set per 
100 flower clusters (Wealthy), flower-bud formation may be 
extensive and a heavy bloom and fruit set may be expected the 
following year. This did not hold true for the variety York in 
which other factors seemed to regulate the production of the 
ensuing year’s flower buds. 

These, and similar facts reported by other workers, suggest 
that specific procedures may have to be worked out for obtaining 
the best results with each given variety. 

Effect on Fruit.— Increase in size as well as greater uni- 
formity of fruit, has been reported by several workers to result 
from the use of thinning The color of red 

varieties has also been reported as improved.®’®'^ In Golden 
Delicious, however, the fruit showed significantly more russeting 
as a result of the use of blossom-thinning sprays.®^ 

FOLIAGE INJURY RESULTING FROM THINNING SPRAYS 

Thus far, all chemicals that successfully reduce fruit set 
(except hormones, e.g., naphthaleneacetic acid), also cause more 
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or less leaf injury. Immediately after spraying, the young 
leaves often appear badly injured, but in a relativelj" short time 
new leafy shoots develop from the uninjured buds. Hoffman 
and VanGeluwe^® found that initial leaf injury resulting from 
sprays varied directly ■Ruth the concentration of spray used. 
Trees in which less reduction in fruit set and less injury of 
foliage occurred, as a result of low concentrations of spray, still 
showed some leaf injury in mid-summer in contrast to those 
which showed the greatest initial foliage injury. Greater 
foliage injury resulted from spraying trees that were wet with 
rain; low temperatures (30 to 40°F.) also increased injury. 

Trees that are of low vigor usually suffer greater injury than 
those of normal vigor. Similarly, fruit spurs of low vigor may 
be killed while vigorous ones are not. Foliage injury also 
differs with the variet}". Thus, Northwestern Greening trees 
were more susceptible to a 0.2 per cent Elgetol spray than were 
the varieties Fameuse and Wealthy.’ Hoffman’® noted a 
greater susceptibility to foliage injury in Baldwin and Greening 
than in other varieties. 

More luxuriant foliage ultimately developed on trees that 
showed a bad initial leaf injury (and verj’- marked reduction in 
fruit set). This was the result of two applications of thinning 
sprays.^ Hoffman and VanGeluwe’® also observed that trees 
whose first leaves were severely injured developed the most 
vigorous leaf growth by June. In these experiments (variety 
Wealthy), a second consecutive crop of apples was obtained the 
year following treatment. The reduction in fruit set allowed 
the luxuriant foliage to develop, and fruit buds followed. 

The long-term effect of thinning sprays that cause much 
folia,ge injury has not yet been established. 

THINNING SPRAYS FOR OTHER FRUITS 

Elgetol has been used successfully to thin peaches 0.2,5 
to 0.5 per cent concentrations reduced fruit set, but the average 
yield per tree was decreased compared to that obtained with 
switch thinning.^® Pecan nut set has been reduced to 30 to 
50 per cent of the normal with 0.5 and 0.2 per cent Elgetol 
solutions apphed in a compressed-air sprayer.® 



BLOSSOM-THINNING SPRAYS 


137 


Combinations of vegetable oils, paraffin wax, bentonite, and 
an emulsifying agent, sprayed on cherry trees in 1 to 5 per cent 
concentrations, caused noticeable blossom thinning. The size 
of the cherries was increased, resulting in an increased crop yield 
of from 7 to 30 per cent. 

EVALUATION AND SUMMARY 

The first use of sprays for the reduction of fruit set dates 
from the wmrk of Auchter and Roberts in 1935. Their objective 
was to ehminate hand thinning, a laborious and expensive 
operation. The first effective compounds were tar-oil distillates 
of varying chemical composition, but since 1940 specific chemi- 
cals have been used for the purpose. The recent use of plant 
hormones is especially promising. To date, research on the 
subject has been confined chiefly to apples, but it is now being 
extended to peaches, cherries, and other fruits. 

In the earlier investigations, the thinning sprays were applied 
to flo-wers in the cluster-bud stage, but present experiments 
indicate more successful thinning when sprays are applied to 
trees in full bloom. At the full-bloom stage the center flower 
in each cluster has been pollinated and fruit development 
initiated. The remaining flowers in each cluster fail to set fruit 
if sprayed when in full bloom. Such treatment results in about 
20 per cent of the flowers setting fruit. In the apple variety 
Wealthy only 5 per cent of the flowers must develop into fruits 
to produce a full commercial crop. This means 20 to 25 fruits 
per 100 blossoming spurs after the June drop. Overthinning 
by the use of sprays is to be guarded against. If thinning is not 
quite adequate, a small amount of hand thinning may be done. 

Thinning sprays applied at full bloom apparently are 
nontoxic to bees under orchard conditions. 

The most striking use of thinning sprays is in the control of 
biennial bearing. Heavy bearing varieties, such as Wealthy, 
York Imperial, Yellow Transparent, and Golden Delicious if 
adequately thinned in the “on” year, give a full commercial 
crop in the succeeding “off” year. Indeed, it is possible to 
eliminate an “on”-year crop and thus completely switch the 
year of bearing to what would ordinarily be the “off” year. 
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Such procedures allow the grower to take advantage of the 
higher market prices that usually prevail during ‘‘off” years of 
fruit production. 

Major benefits reported from the use of thinning sprays are 
decreased orchard costs and increased prices for fruit as a result 
of the control of biennial bearing. Other advantages are 
increased size of fruit, improvement in the color of red varieties, 
and better pest control. Thus far, standard treatments have 
not been established for most commercial varieties of apples. 
Wealthy is the outstanding exception. However, the basic 
experimental work is well in hand, and only trials by the average 
grower can determine the usefulness of this new horticultural 
tool. 
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CHAPTER IV 


HORMONE CONTROL OF THE PREHARVEST DROP 

OF FRUITS 

Premature drop often results in serious reductions in the 
yield of picked fruit. This is true for a number of fruits, such 
as apples, pears, apricots, plums, peaches, and oranges. 

The preharvest drop of apples may be as large as one-fourth 
to one-half the entire crop, and this drop may occur before the 



Fig. 1. — ^Location of abscission layer of apples (indicated by line). Hormone 
sprays prevent preharvest drop by delajdng separation of fruit from stem at this point. 
{Picture, courtesy of E. I , J)ii Pont de Nemours & Company.) 

fruit has matured or developed good color. Under such condi- 
tions, the grower has to choose between risking a heavy fall of 
fruit, or picking before the best quality and color are attained. 
Such common varieties as McIntosh, Duchess, Williams, Wine- 
sap, and Delicious are among the worst “droppers.” 

The fall of fruit and leaves is brought about by the separation 
of a special group of cells, the abscission layer (Fig. 1). This 
layer is located at the place where the fruits or leaves are 
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attached to the stem. That abscission could be delayed by 
sprajdng with synthetic plant hormones was first reported in the 
literature in 1939. Hormone dusts are now known to be equally 
effective. Hormone treatment has been used successfully in 
preventing preharvest drop of apples and pears, i.e., keeping 
fruit on the trees until mature. Thus far the treatment has not 
been extended to other kinds of fruit with complete success. 

HISTORICAL 

In 193^ LaRue®® found that the fall of Coleus leaves could 
be delayecf by treatment with synthetic hormones. Gardner 
and Marth^^ later observed that hormone sprays delayed the fall 
of holly leaves and berries. Nixon and Gardner®® reported that 
portions of the date flower remained attached to the stem longer 
than usual when the flowers were sprayed with hormones. Pre- 
vention of preharvest drop of apples by the use of hormone 
sprays was established in 1939 and 1940.^®’^^ The sprays used 
at that time contained indoleacetic, indolebutyric, indole- 
propionic, and naphthaleneacetic acids, naphthaleneacetamide, 
and the sodium, potassium, and calcium salts of naphthalene- 
acetic acid. Of these, naphthaleneacetic acid and its derivatives 
were most effective. Since then, many of these compounds have 
been put on the market by various manufacturers. 

MATERIALS AND PROCEDURES 
FOR CONTROLLING PREHARVEST DROP OF APPLES 

Southwick and Shaw®® and others recommend the use of 
preharvest sprays on apples xmder any of the following condi- 
tions: (1) when a high rate of fruit drop has been noted in an 
orchard for a number of years; such drop may occur when 
orchards are in vigorous growth from natural fertility, heavy 
mulching, or liberal fertilizer application to the soil; (2) in 
seasons with high temperatures prevailing shortly before the 
normal harvest period; (3) when harvesting is likely to be 
delayed, either because of a heavy crop necessitating a longer 
harvest period, or because of a shortage of pickers; (4) in 
orchards in which there is a good to heavy crop (to ensure full 
harvest) ; (5) when fruits color poorly prior to normal harvest time. 

Although the above conditions were reported in connection 
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with studies on preharvest drop of apples, they may prove 
equally applicable to pears, and to other fruits for which pre- 
harvest-drop treatments may be developed in the future. 

Hormone Preparations. — ^The products sold commercially 
under various trade names usually contain a naphthalene com- 
pound together vdth other materials suitable for making a satis- 
factory spray or dust. The directions accompanying the 
package usually provide for a spray concentration of approxi- 
mately 10 p.p.m. or 0.001 per cent of the hormone. It has been 
estimated that the cost of the use of these materials on trees 
18 to 25 years old is approximately 2}i cents or less per bushel 
of picked fruit. 

A number of commercial products* are available for control 
of preharvest apple drop. In general, there is little difference in 
the effectiveness^® of the various preparations. 

Because dusting is easier and less expensive,®"* hormone 
dusts®*’®®’®®’®® promise in the future, at least in humid climates, to 
be used as much or more than water sprays. The most effective 
concentration of naphthaleneacetic acid in a dust is reported to 
be 0.1 per cent.®®’®® Commercial dusts of naphthaleneacetic 
acid and naphthaleneacetamide are now available. 

Dichlorophenoxyacetic acid was found completely ineffective 
on Duchess, McIntosh, and Delicious varieties, but on Winesap 
it had a much greater duration and intensity of effect than 
naphthaleneacetic acid. When applied early (60 days ahead 
of harvest), almost complete control of drop was obtained.f 

Time of Application. — ^The spray is made up according to 
directions and applied when a dropping of sound fruit is first 
noted in the orchai’d.®*’®® A criterion that may be used for the 
time of spraying is when 15 to 20 sound apples per tree have 
dropped in a_24-hour period.®" Davidson*® suggests that sprays 
be applied 1 to 2 days before the expected warm periods that 
often occur during harvest time in Michigan. The time of 
application is especially important with McIntosh.®*’*® 

In England, Vyvyan®® advises spraying Beauty of Bath 

* Apple Lok, App-L-Set, Fruitone, Hormex, Niagara-Stik, Parmone, Stafast, 
Stop-Drop. 

f Batjer, private communication. 
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apples 10 days before picking time; for others such as Miller’s 
Seedling and Worcester, 3 weeks before picking time. His drop 
of Worcester Pearmain apples was reduced 75 per cent by 
spraying 5 days after the start of picking, and the season was 
extended by 4 days.®* 

The spray begins to be effective 2 to 3 days after appHca- 
tion®® and reaches its peak of effectiveness in 5 or 6 days.® As 
the duration of its effectiveness varies "with the variety, weather 
conditions, soil, and moisture, no absolute time can be given for 
spraying.* Cool weather lengthens the period over which the 
spray can be used.®®’®^ The effective period on all varieties is 
much longer in the Western than in the Eastern states. With 
McIntosh the effective period is 8 to 12 days in the East^’^^’®® and 
at least twice as long in the West. 

The period is sometimes extended a few days by using a 
second spray. 

Application should by all means be made before fruit drop is 
w'ell under way; if delayed, the spray will be ineffective. 

Quantity of Spray or Dust and General Methods of Applica- 
tion. — The amount of spray used varies considerably with size, 
age of the tree, and amount of fruit on the tree. The important 
thing is that a thorough wetting of the foliage and stems of fruit 
be achieved. Spraying, according to Vyvyan®® should be done 
from both the inside and the outside and from above rather than 
from below the trees. Two investigators®^’®® used 1 to gal. of 
spray per bushel of fruit on the tree; another®® used 0.4 to 0.5 gal. 
of spray for every year of the tree’s age (this, by other standards, 
is a light application) ; still others used 15 to 30 gal. of spray per 
tree, depending upon the size.®®’®®’®® 

Experiments with dust applications are successful when 
3 lb. of dust per tree are used.®® 

Aerosol bombs containing naphthaleneacetic acid effectively 
prevented preharvest drop of dwarf and semidwarf McIntosh, 
Macoun, and Kendall varieties of ^.pple trees. Approximately 
the same amount of hormone preparation (34 mg. per bu.), was 
used in the aerosol bomb as was recommended for commercial 


Batjer, private commiinication. 
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spraying (40 mg. per Similar results have been 

obtained for Stayman Winesap.^® 

Airplane spraying for preharvest drop mil undoubtedly 
become common practice for large orchards®® (Fig. 2). Its 
advantages include the following: Spraying can be done rapidly 
(particularly useful in emergencies) wnth the result that timing 
of application can be made more accurate. The grower is 


Fig. 2.— Airplane spraying for control of preliarvest drop of apples, Yakima, Wash. 
Plane flies at ceiling of not more than 5 to 10 ft. above tree tops. (Photograph, courtesy 
of Central Aircraft Inc., Yakima, Wash.) • 

relieved of laborious spraying during the busy harvest season. 
The cost of airplane spraying is of the same order as for the 
conventional methods. A more concentrated solution is used 
in airplane spraying, but less solution is necessary to cover an 
acre. 

Weather Conditions. — Sprays should be applied when the 
temperature is relatively high; 75°F. and above is recom- 
mended.®'^®'®^ Freezing temperatures before the spray is 
applied do not impair its effectiveness.®^ With dusts, best 
results are obtained when they are used in the early morning 
while wind velocities are low.®® The onset of rain following 
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spray application does not impair its effectiveness so long as it 
does not occur within 2 hours after spraying. 

Repeated Spraying. — In general, but slight benefit is derived 
from repeated applications of spray. The critical thing is to 
strike the optimum day for treatment.®^’®® In cases where there 
is some doubt about whether the spray has been applied at 
the crucial time, a second spraying may prove advantageous. 
Generally speaking, investigators report that the period of 
effectiveness is lengthened only a few days by spraying a second 
time. 

Oils and Spreaders. — The addition of a light summer oil at 
the rate of 1 pt. to 100 gal. of hormone spray has been reported 
in some instances to increase its effectiveness.^^ It does not 
leave a greasy film on the fruit. Spreaders that have been used 
are casein and Penetrol,®® Vatsol,®^ and bentonite.^^ Applica- 
tion of naphthaleneacetic acid in Garbo wax extended the period 
of effectiveness beyond that of the water sprays.® 

Combinations of Spray Materials.— -It is possible to combine 
a hormone spray with other apple sprays such as bordeaux. 
Black Leaf 155, Genecide, and derris (rotenone) mthout impairing 
the effectiveness of either.*®"” Combination of hormone with 
codling moth spray was effective on the early ripening Red 
Duchess.*^ Such combinations have thus far proved suitable 
only for the early^-maturing apple varieties.*^ A hormone spray 
should not be combined with lime. The spray is effective, 
however, if applied over a well-weathered deposit of copper 
sulfate or lead arsenate that has been combined with lime in a 
previous spraying. Weathering should have progressed to the 
point w'here the lime deposit has been carbonated.*®’*’’ 

Concentration of the Hormone. — Although the standard con- 
centration for the hormone in the sprays is 0.001 per cent, other 
concentrations may be as effective, or more effective with certain 
varieties. In the summer varieties somewhat weaker con- 
centrations may be used, especially where considerable care is 
taken that the stems of the fruit are thoroughly wetted.*^ It has 
been suggested,*® however, that higher concentrations may 
be needed in order to obtain a good control of the drop of 
McIntosh in Massachusetts. 
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Precautions. — There is some danger that fruits may become 
overmature when sprays are used that keep the fruit on the tree 
for a considerable length of time.®^ Water core has become 
serious in Stayman and Delicious when the apples remain on the 
tree longer than a week after normal harvest.^^ In order to be 
of prime quality, the summer varieties must be picked before 
they become mealy.®^’®® 

Certain growers have experienced a too thorough “sticking” 
of the fruits to the trees. This increases the difficulty of 
harvesting the crop and may result in considerable injury to the 
spurs that produce fruit the following year. 

Miscellaneous Observations. — A report from Virginia^^ 
states that preharvest sprays successfully controlled fruit drop 
but that, where trees were low in vigor, they had no effect. 

It has also been reported that preharvest drop of wormy 
apples is not appreciably affected by the sprays: i.e,, they drop 
from the trees just as they normally do.^^’^^ 

Pruning the variety Edward VII apple increased the effec- 
tiveness of preharvest drop sprays, as compared with trees not 
pruned.® 

A question that naturally arises is whether preharvest sprays 
affect the rate of fruit ripening on the tree, or in storage after 
harvest. It has been reported that naphthaleneacetic acid 
spray stimulates the ripening of certain varieties of apples, but 
has no effect on others. Deferred harvest, after naph- 
thaleneacetic-preharvest spraj.dng, has resulted in stimulating 
the ripening of Bartlett pears and Delicious apples.®® 

EFFECTIVENESS OF PREHARVEST -DROP CONTROL 
IN DIFFERENT APPLE VARIETIES 

The preharvest drop of 40 varieties of apples has been suc- 
cessfully controlled by hormone sprays (Table 1). Because 
growers have suffered very heavy losses from preharvest drop of 
McIntosh, this variety has been most thoroughly investigated 
for preharvest drop control (Table 2). 

Results achieved by the use of preharvest spray in Massa- 
chusetts are given in Table 3 (see also Fig. 3). 
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Table 1. — Vaeieties op Apples That Have Been Successfully Tbeatbd with 
Hobmone Sprays for Control of Preharvbst Fruit Drop 

E.egions where the experimental work was carried out are indicated. 


Variety Locality and Reference 

Arkansas (Black Twig) Virginia^^ 

Baldwin... New York, Ohio 

Beauty of Bath England 

Ben Davis Nova Scotia^^ 

Blackjon lowa^® 

Biaxtayman (color sport of 

Stayman AVinesap) Maryland^*^ 

Close Maryland24 

Cox^s Orange Pippin England®^ 

Crimson Beauty Quebec^® 

Delicious Delaware, Indiana/^ Iowa/® Maryland,^ Michi- 

gan,i® Missouri/® Washington, Australia®^ • ! 

Diana Wisconsin®^ 

Duchess (Oldenburg) Massachusetts,®® Marjdand,^^ Michigan,^® New 

Yorkj^i Ohio^® 

Duchess, Red Maryland^^ * 

Gallia Beauty Maryland^^ 

Gravenstein Nova Scotia,^ Ohio^® 

Gravenstein, Red Nova Scotia"® 

Grimes Golden. Delaware, 2 ® lowa,^® Maryland^^ 

Jonathan Illinois,'*^ Iowa,i® Ohio/^ Missouri/^® Washington/® 

Australia®’ 1 

Joyce Ohio^® | 

King David Maryland®*^ j 

McIntosh.... Massachusetts,®® Maryland/ Michigan/® New 

York,®® Ohio,^’ Rhode Island/® Washington/’ , 

Nova Scotia,®® Quebec,’® Australia/’ | 

McIntosh, Early. Massachusetts,®® Maryland,®^ New York,®’ Ohio/® 

Delaware®® 

Melba. Massachusetts,®® Ohio’® 

Miller Seedling England®® 

Mother Maryland®^ 

Northern Spy. Michigan,’® New York,®'’ Wisconsin®^ i 

Red Canada (Steele Red) . . . Michigan’® 1 

Red June Ohio’®*’® 

Rome Beauty Indiana,^’ Washington,®’ Mar 3 dand®'’ 

Snow (Fameuse) AVisconsin®^ 

Starking. Iowa,’® Virginia^® 

Stayman Winesap Delaware,®® Indiana,^’ Maryland,®^ Missouri,^® 

New Mexico,®’ Ohio,’^»®® Virginia, New York,^ 

Washington®®*®® 

Turley . ......... Maryland®^ 

Wealthy Massachusetts,®® Maryland,®^ Michigan,’® Ohio’® 

AVilliams. . . . Massachusetts,®® Maryland,’ New York, Ohio’®*’® 1 

Winesap........... Maryland®^ 

Worcester Pear main England®® 

Yellow Transparent. ..... ... Maryland®^ / 

York Imperial Maryland®'* ' i 

■ ■' ' ■' ■ ■' ■ ■ ’ ■ ■■ "■■■ '■ ■ ' "■ '■ ' ■ ■ ^ 

■ 
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Table 2. — Effectiveness of Hobmone Spbays and Busts in Contbollino 
Pkehaevest Dbop op McIntosh Apples 
The cases given' represent typical examples of results obtained.' in various 
regions. Unless otherwise stated, the concentration of hormone (naphthalene- 
acetic acid or its potassium salt) in spray is 0.001 per cent and in dusts is 0.1 
per cent. 

Location Results and Investigator 

Delaware Spray moderately effective. 

No difference in effectiveness of four commercial prepara- 
tions^*^ 

Indiana Spray ineffective. 

Concentration one-tenth that usually euiployed^i 

Maine Spray effective, but maximum protection occurred after the 

optimum picking date of Oct. 7 ; sprays applied earlier than 
Sept. 27 were ineffective. Saving in fruit just about equaled 
cost of spray"^ 

Maryland.. Spray effective. 

Drop delajmd 10 to 12 days; second application 7 days after 
first increased effective period by only 1 to days'^ 
3tlassaehusetts. . . Spray and dust effective. 

Two applications of dust 4 days apart gave good protection. 
20 p.p.m. concentration of spray better than ^^standard*’ 
concentration of 10 p.p.m. 

New York Spray and dust effective. 

Single applications effective for only 7 days after treatment's 

Ohio Spray results variable,^® 

Rhode Island .... Spray effective. 

No great benefit from repeated spraying provided the first 
spray is applied when it will have the maximum effect'*® 
Washington . . . Spray effective. 

Drop delayed 9 to 10 days; optimum concentration is 0.001 
per cent^*^ 

Nova Scotia Spray effective. 

Apples held on 18 days past normal picking time when trees 
were sprayed once at normal picking time and again 10 days 
later. One application of double-strength spray almost as 
effective as two applications of the dilute spray^ 

Quebec.... Spray effective. 

Protective period was 7 days. Addition of oil emulsion or 
citric acid did not increase effectiveness of spray^o 


Preharvest-drop treatments are not always successful. A 
number of investigators have reported inconclusive results.®’ 
17,18,20,29,30,31,41,48 jjj ixiost instauces the* failures may be 
attributed to one of the following: (1) incorrect time of applica- 
tion, (2) too low a temperature, (3) too low a concentration of 
hormone, (4) poor coverage, owing chiefly to inadequate amounts 
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' Table , B.—Eeduction op Preharvest Drop op Apples, var. Duchess 

(OLDENBERCt) *** 

Data sliow the result of spraying on 'August 20 witli a , coiniiiercial preparation 
eoiitainiiig 10 p.p.m. hormone applied at the rate of 15 gal. per tree. The average 
numbers of dropped apples per tree picked up during the ripening period are shown. 



Average 
no, of 
apples 
per tree 

August 

September 

— —— 

No, of dropped 
apples per 
tree 


21 

OA 

23 

1 

24 be 

j 

27 

29 

31 

2 

3 

Sprayed 

1095 

53 

18 

7 

2 ! 2 

3 

2 

4 

12 

3 

1 106 

Not spra 3 ^e<i 

1 1198 

[ 

75 

lo; 

26 

20j32 

1 

19; 

48^ 

80| 

230 

225 : 

774 , 

1 


* South wick and Shaw.®® 


of spray and too low a pressure, (5) inadequate soil moisture, (6) 
abnormal foliage, because of disease, mite infestation, etc., (7) 
the fact that some varieties do not respond so well as others. 
The use of these sprays is now a common practice among 
forward-looking growers in the chief fruit growing regions of the 
United States and Canada. 

ADVANTAGES OF PREHARVEST SPRAYS 

The outstanding advantage of the use of preharvest sprays is 
increased yield of picked fruit. This often means the difference 
between a profitable and an unprofitable crop. Frequently the 
producer may obtain a better price for his fruit because apples 
that have remamed longer on the tree develop a much better 
color and so can be sold as “fancy” fruit. The sprays do not 
impair the keeping quality of the fruit during storage, provided 
it is not overripe before picking.^’’ Fortunately, the dilutions 
of the chemical are so great that the hormone spray is not 
harmful to man or animals. 

EXPERIMENTS WITH OTHER FRUITS 

Pears. — Preharvest-drop sprays have been reported success- 
ful on Bartlett and Bose pears in California and Washington. 
In England, naphthaleneacetic acid increased the jueld of 
Conference pear.®^’®® Results with d’Anjou are inconclu- 
sive. The Williams Bon Chretien pear, notorious for 

preharvest drop in New South Wales, responded favorably to 
spraying with naphthaleneacetic acid.®^ Where successful, the 
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spray becomes effective 3 to 8 days after application and lasts for 
approximately 16 daysd^ Treated pears should be watched 
carefully so that overripening does not occurd^ The question 
has been raised as to whether preharvest sprays hasten maturity 
of pears Allen and Davey^ and Gerhardt and Allmendinger®^ 
have shown that standard strength sprays stimulate the maturing 
of Bartlett pears, but only when harvest is delayed beyond the 
optimum maturity for both fresh shipment and canning. 
Pickers find that shaking the preharvest-sprayed trees does not 
cause the fruit to drop as it ordinarily does imder such circum- 
stances.^^ The incidence of watery breakdown was higher, 
however, in sprayed than in unsprayed Bartlett pears, o^ving to 
overmaturity of the fruit. ^ 

Apricots. — Application of hormone sprays is reported some- 
what effective in controlling preharvest drop of apricots, but 
with present materials and methods the saving is not sufficiently 
great to warrant the added spraying costs. Where used, it 
has been found that the sprays do not become effective for 
10 to 14 days after application.^® 

Oranges. — Preliminary experiments indicate that dichloro- 
phenoxy acetic acid will reduce preharvest drop of Valencia and 
Washington navel oranges by 30 to 60 per cent when applied 
in water spray at 8 p.p.m. Spraying should be done between 
growth flushes in order not to injure young leaves.®®® 

Other Fruits. — Trials of the known preharvest-drop sprays 
have been reported partly effective on cherries and plums. 
Peaches have not yet been successfully treated. 

MISCELLANEOUS APPLICATIONS 

Grapes. — ^Experiments have been performed in an effort to 
control the “shattering” of grapes during storage and shipment. 
Varieties tested were Sultanina, Tokay, Ribier, and Emperor 
{Vit’is rfm/era) ; Pierce (F. labrusca), and James (F. rotundifolia). 
Bunches of grapes were dipped in 0.005 per cent naphthalene- 
acetic acid; in other experiments the vines were sprayed just 
prior to picking. In no instance did the hormone spray check 
shattering.®® 

Holly. — Dipping of cut branches of holly in a solution of 
naphthaleneacetic acid prevented the dropping of berries and 
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foliage/®’^'* The concentration recommended is 0.002 to 0.003 
per cent. If one of the commercial preharvest sprays for apple 
is employed on holly, it should be used at two to three times the 
concentration recommended for apples. As much as 3,000 lb. 
of holly may be treated with 100 gal. of the solution. The 
hormone is good for several days, unless the solution becomes 
dirty. The cut branches may be placed in baskets or crates and 
dipped in vats containing the solution. Wreaths are best 
dipped separately. A thorough dippmg is sufficient to hold the 
leaves and berries on; soaking is unnecessary. The excess 
moisture should be allowed to drain off and the holly packed for 
shipping or storage while still in a moist condition. The sheen 
of the leaves may be increased by adding 1 to 2 pt. of summer oil 
to 100 gal. of the solution. The hormone solution is effective for 
10 to 14 days. 

Other Decorative Evergreens.- — Euonymus, American holly, 
live oak, and magnolia, which are used extensively in florists’ 
decorations, were treated with 0.01 per cent naphthaleneaeetic 
acid in attempts to prevent their rapid defoliation.®*’®^ Both 
euonymus and American holly benefited by this treatment, 
defoliation being delayed about 11 days. There is little to be 
gained by similar treatment of magnolia and live oak, since the 
untreated leaves normally show a slow I’uie of defoliation. 
Branches of a horticultural variety of white pine were also 
treated, but at the concentration tested (0.01 per cent) the 
incidence of needle drop was increased rather than retarded. 
Other work of this sort is imder way in numerous places. 

EVALUATION AND SUMMARY 

The dropping of certain varieties of apples before the crop 
is ready for picking or before a crew of pickers can work around 
the orchard often causes large losses to growers. Hormone 
treatments delay the separation of the abscission layer that is 
responsible for tins premature drop and hence hold the fruit on 
for several days longer! Storage quality is not impaired by 
hormone treatment, and any hormone residue left on the fruit is. 
harmless to man and animals. 

Most work on control of preharvest drop has been done on 
apples, and methods are well worked out for many varieties. 
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Procedures for several other fruits (pears, cherries, plums, apri- 
cots, oranges, peaches, and grapes) are in the experimental stage. 

Holly and a few other ornamental evergreens can be success- 
fully treated with hormones to delay the falling of leaves and 
berries for 10 to 14 days. 

Reliable commercial hormone preparations for control of 
preharvest drop of apples are readily obtainable in the market. 
Most of them contain the potassium salt of naphthaleneacetic 
acid. The spray when ready to apply contains 0.001 per cent 
of the hormone. Dusts are easier and less expensive to apply, 
and fully as effective as sprays. These contain 0.1 per cent of 
naphthaleneacetic acid or naphthaleneacetamide. Dichloro- 
phenoxyacetic acid is highly effective on the Winesap apple but 
not at all on several other varieties. 

To be effective, the hormone must be applied during or 
before the dropping is well started. The addition of oils and 
spreaders increases the effectiveness of sprays ; for early matming 
varieties, hormones can be combined with other kinds of spray 
materials, with the exception of lime. 

Fruit should not be left on the tree so long after spraying that 
it becomes overripe, and the amount of hormone used should be 
such that fruit is not “stuck” so tightly that the next year’s 
fruiting spurs are injured during picking. 
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CHAPTER V 


HORMONES AS AIDS TO FRUIT SET AND 
TO SEEDLESS FRUIT PRODUCTION 

(With Special Reference to Tomato) 

Pollination of the flower is essential to the formation of fruits 
of most kinds of plants. Occasionally, however, fruits develop 
normally vdthout polhnation and may he seedless.* Since 
pollination is dependent upon insects or favorable climatic 
conditions, it is highly desirable to possess a means for achieving 
the effects of pollination at will, ■i.e., for inducing fruit set. This 
has been accomplished for several kinds of plants by the use of 
hormones. Hormone-induced fruit set is particularly important 
in improving the production of such greenhouse brops as toma- 
toes, where inadequate pollination in the winter season often 
results in light yield of fruit. Besides assuring fruit set, hormone 
treatment often results in seedless fruits. Relatively few fruits 
are naturally seedless (banana, navel orange, seedless grapefruit, 
grape, and Chinese persimmon), but hormone treatment may 
make possible many new kinds of artificially induced seedless 
varieties. 

HISTORICAL 

In the past, horticulturists have developed seedless fruits 
from bud mutations and by developing seedless strains through 
the laborious process of breeding. Induced parthenocarpy was 
first accomplished in 1909, when Fitting®’^ found that water 
extracts of certain kinds of orchid pollen would induce fruit 
development when applied to the pistils of orchid flowers. 
From 1918 to 1936, Laibach, Yasuda,®®"®®’ and others,®^’®® 

* There is an intimate relationship between the inducing o£ fruit set and the 
development of seedless fruits. Fruits that develop without pollination are 
described as “parthenocarpic.’^ Parthenocarpic fruits may or may not be seed- 
less; seedless fruits, on the other hand, are always parthenocarpic. Methods for 
inducing fruit set are the same as those for producing seedless fruits. 
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employed extracts of several kinds of pollen to stimulate fruit 
development in orchids, eggplant, tobacco, and cucumber. In 
1937, Gustafson*® used chloroform and water extracts of various 
kinds of pollen, such as corn, petunia, pine, squash, and holly- 
hock, and in some instances obtained mature seedless fruits in 
eggplant, pepper, crookneck squash, cucumber, petunia, tobacco, 
and salpiglossis. This work indicated that pollen must contain 
one or more growth-controlling substances that regulate fruit 
development. 

Table 1. — Chemicals That Stimulate the Geowth op Ofaeies* but Do Not 
Necessarily Induce the Production op ^Iature Fruit 
Some of the sources from which the more effective compounds can be obtained in 
small quantities are indicated in the footnotes. § 

Acenaplitliene Naphthaleneacetic acidl ^ 

o-Ciilorophenoxyacetic acidf Naphthalenebiityric acid 

p-Chiorophenoxyacetic acidf Naphthaienepropionic acid 

Colchicine j3-Naphthoxyacetic acidf 

2,4-Dichlorophenoxyacetic acidf jS-Naphthoxypropionic acid 

Oestrone 

9-Phenanthrylacetic acid 
Phenylacetic acidf 
Skatol (methyl indole) 

Sulfanilamide 

Trichlorophenoxyaeetic acid and esters 
Sodium, potassium, and aitunoniimi salts and 
methyl and ethyl esters of most of the acids 
listed above 

* See Gustafson^'* and Van Overboek, Conklin, and Blake.slee'^® for of iiieffective compounds, 
t Available from Eastman Kodak Co., Eoehester, N. Y, 

X Available from Merck & Co., Inc., Rahway, N. J. 

§ Proprietary compounds now available that will induce seedless tomatoes are Fruitone 
(American Clierii. Paint Co.) and Seed-Iess-Set (Plant Products Co.). 

In 1936 Gustafson*® applied specific chemicals to flowers and 
without pollination obtained mature seedless fruits. TMs is the 
first scientific record of specific chemicals providing the stimulus 
for the development of mature fruit. Hewlett later suggested 
the use of chemicals to supplement the normal processes of 
pollination and fertilization in greenhouse tomato production.®® 
The original compounds tried by Gustafson were indole- 
acetic, indolepropionic, indolebutyric, and phenylacetic acids. 
These were the same chemicals which, just prior to Gustafson’s 
work, had been shown to be active in controlling certain aspects 
of plant growth, e.g., the development of lateral buds, rooting of 


4-.Fluoreneacetk; acid 
Indoieacetic acidf* 
Indolebiityrie acid f 
Indolepropionic acid { 
Naphthaleneaeetamide f 
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cuttings, and the bending of stems and roots. Many other 
compounds have been shown since to stimulate fruit develop- 
ment. Among these are naphthalene-, phenyl-, naphthoxy-, 
and phenoxyacetic acids. A few pyrrole compounds exhibit 
some activity but are of little practical value (Table 1). 

MATERIALS AND PROCEDURES FOR INDUCING FRUIT SET 

Materials. — Certain of the chemicals that may be used for 
seedless fruit production have been synthesized for research 
purposes only and are not generally available. Those available 
are so J:ndicated , in Table 1. All the compounds listed as 
"available” have successfully induced fruit set, and of these 
naphthaleneacetic acid has been the most widely used in experi- 
mental work to date. 

A mixture of indolebutyric acid and naphthoxyacetic acid 
has been recommended for use in water spray or emulsion by 
Howlett.*^* This mixture is being increasingly used by green- 
house growers, and the amount distributed during the spring 
of 1946 far exceeded that distributed the year before. 

The hormones can be successfully applied in emulsions, 
solutions, pastes, or dusts, if the right chemicals and the correct 
concentrations are used. In the case of pastes, the hormone is 
mixed directly with melted lanolin (wool fat), which is ordinarily 
available in most drug-supply houses. Apphcation of the 
hormone in aerosols also has been highly successful in experi- 
mental work. 

Kinds of Plants. — Many kinds of plants have been induced 
to produce seedless fruits by chemical treatment (Tables 2, 3). 
Of these, however, the tomato is the only plant thus far shown to 
set fruit satisfactorily in response to hormone treatment. For 
this reason, the content of this chapter refers to tomato, unless 
otherwise indicated. 

Time of Hormone Treatment. — The time for hormone 
application depends in part upon the effect desired; for seedless 
fruit, the hormone should be applied before there is any danger 
of pollination, i.e., before the flowers are completely open. For 
ensuring fruit set in the greenhouse without special attention 

* Also by correspondence. 
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to soodlossnoss, troatnioiit is rGconirn.end6<i after the first flower 
of a cluster opens, followed by a second or third treatment at 
5- or 6“day intervals during the blooming of the cluster.*^ 
Roberts and Struckmeyer^^ recommend withholding the spray 
treatment until several blossoms on a cluster are open. This is 
reported to be advantageous because it reduces variation in 
fruit size. The stages of flowering in which hormone treatment 



Fig. 2. — Young tomato fruit developing as a result of hormone treatment. Plant 
was treated with dichlorophenoxyacetic acid before flower buds opened. Note per- 
sistence of petals and other flower parts. Form of young growing leaves is altered 
by dichlorophenoxyacetic acid but not by the hormones ordinarily used to induce fruit 
set. (Photography courtesy of Boyce Thompson Institute for Plant Besearch.) 

is successful are shown in Figs. 1 and 2. Treatment during 
the bud stage results in seedless fruit but is not recommended 
because the resulting fruits are small in size and poor in quality.* 
Methods of Applying Hormones. Pastes . — When applying 
hormones in paste form, 0.2 or 0.3 per cent concentrations of 
indolebutyric acid, for example, are made up in lanolin. The 
usual practice with tomato is to cut off the style of each flower 
and apply the hormone paste to the cut surface, as indicated in 
Fig. 3. Although the paste method is time-consuming, it is 
often advantageous for small-scale work because individual 

* Howlett, correspondence. 
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flowers can be treated separately and only one application is 
necessary. Although the paste method gives the greatest per- 
centage of success, it is not suitable, of course, for the large-scale 
grower. 

Water Sprays . — Sprays provide the easiest method of apply- 
ing hormones to flowers for ensuring fruit set or seedless fruit 
production. Repeated spraying of the flower clusters mth low 



A B 


Fio. 3.-— Lanolin paste method of applying hormone to nnpoilinated tomato flower. 
A, stamens and petals are removed and style is ciit of! Just above the ovary. B, a bit 
of lanolin paste containing hormone is api^lied to the cut style, 

concentrations of such hormones as indolebutyric acid in water 
solution may be more effective than a single application at a 
higher concentration. When used in the greenhouse, two or 
three applications of hormones during the flowering period may 
be necessary. 

Emulsions . — Emulsions are not used so widely on a commer- 
cial scale as solutions, but excellent results are being obtained 
vdth an emulsion containing indolebutyric and naphthoxyacetic 
acids in the same concentration as used in the water sprays (0.2 
per cent and 60 p.p.m., respectively). Dichlorophenoxyacetic 
acid is effective in emulsions at extremely low concentrations 
(0.001 per cent) but is not recommended for use.“ Best results, 
in regard to number, size, shape, color, and pulp development of 
fruits are obtained with the mixture mentioned above. The 
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emulsion spray should be applied to the flower cluster by means of 
a nasal atomizer (or other small sprayer) when the first flowers 
open (Fig. 4). In a given tomato flower cluster, both open 
flowers and well-developed buds will set fruit when so treated. 
The smallest buds of treated clusters usually fall off. Emulsion 
sprays are most successfully used in greenhouses. They have 
not yet proved profitable in field use. 


Fig. 4, — Spray method of applying hormone to a single cluster of tomato flowers, 
(Photography coxirtesy of Boyce Thompson Institute for Plant Research,) 

Preparation of Emulsions . — Standard lanolin emulsions con- 
tain the following materials; lanolin, indolebutyric a’cid and/or 
other hormone, stearic acid, triethanolamine, and water. The 
general procedure for making a standard lanolin emulsion is as 
follows The stearic acid and lanolin are heated together 
(158 to 176°P.) until melted and are then stirred weU. The 
hormone or hormones are dissolved in triethanolamine by heat- 
ing the mixture to 158 to 176°F. This mixture is then added to 
the stearic acid and lanolin and stirred. Forty milliliters of 
water , (heated to the same temperature) is added slowly to the 
mixture, which is stirred vigorously until an emulsion forms. 
Cool water is then added to bring the emulsion to its final 
volume. The emulsion should be stirred or agitated vigor- 
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ously before use. If stored, it should be kept at refrigerator 
temperatures. 

Substitutes for lanolin and for triethanolamine stearate in the 
composition of emulsions have recently been investigated. 
Withrow and Howlett^® find that a blend of waxes containing 
carnauba wax, lanolin, and cetyl alcohol can be used in the 
formation of emulsions. Liquid and creani emulsions based on 
these blends and containing, in addition, Pharmagel, sorbitol, 
sodium bicarbonate, and water, give satisfactory results in 
setting tomato fruit (as compared with the lanolin-triethanola- 
mine stearate emulsions as carriers for indolebutyric acid). 
Mucilage solutions, made by dissolving a concentrated alcoholic 
solution of indolebutyric acid in an alkaline solution of a muci- 
lage, such as polyvinyl alcohol and gum arable, have been used 
in a limited way as carriers. 

Vapors . — The use of hormones in vapor form is a simple way 
to set tomato fruit in the greenhouse. The resulting fruit set, 
however, is less satisfactory than that obtained from the use of 
sprays and emulsions, and the fruits are often small, hollow, 
poorly colored, and hard-walled. The hormones (usually 
esters of the acids) are heated and the vapors circulated through- 
out the greenhouse by a fan. Another method is to dissolve the 
hormones in ethyl alcohol, warm, and circulate the resulting 
vapors with a fan, just as for the above. The greenhouse is 
left closed for at least 4 hours after treatment (or overnight). 
The amount of hormone necessary varies with the kind' used 
and the size of the greenhouse. For example, good tomato 
fruit set has been accomplished by the vapors of 1 to 10 mg. 
of the methyl ester of dichlorophenoxyacetic acid per 1,000 cu. ft. 
of greenhouse. Effective concentrations of other hormones are 
somewhat higher. Certain hormones, if in contact with the 
plant for a day or more, not only induce fruit set, but also alter 
the growth and development of the entire plant; in spite of this, 
the vapor method has potentialities for greenhovise use, but 
awaits further research before it can be generally recommended. 

A erosofe.— The aerosol method, used recently to disperse 
insecticides, employs a highly volatile carrier, such as a liquefied 
gas. The hormone is dissolved directly in the carrier or in 
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another solvent ^ and all three are compressed into a container or 
^^bomb/^ Upon release as a mist (Fig. 5), the carrier volatilizes 
immediately, leaving the hormone suspended in the air in a 
finely divided or '^aerosol” state. The method has been used 
successfully in the greenhouse to set tomato fruit. Among the 
hormones applied as aerosols are naphthoxyacetic, indoleacetic, 
indolebutyric, xylenoxy-, and several of the chlorophenoxyacetic 


Fig. 5. — Aerosol-bomb method of applying hormone to tomato plants. 

acids. Aerosol application of hornaones promises to be of 
extensive commercial use. 

Other Methods . — Other methods of applying hormones to 
induce fruit set have employed dusts, solutions for watering and 
for injections, and crystals. Dusts are effective in setting 
fruit in the greenhouse, but the same materials when'used in the 
field have thus far resulted in considerable blossom end rot. 
Solutions applied by watering, one of the simpler methods, 
have been reported successful only with holly. Solutions also 
have been injected into the ovary with a hypodermic needle; 
this is tedious and often injurious to the ovary. Crystals, 
when used, are placed directly on the stigma or inserted into 
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the stem of the plant. Except for dusts, none of these methods 
is likely to be widely employed. 

RESULTS ACHIEVED 

Hormone-induced fruit set has been aclueved in many plants, 
edible and nonedible (Tables 2 to 4). On the other hand, many 
kinds of plants have not responded to hormone treatment. As 
yet, no one hormone, concentration of hormone, or method 
of application has proved uniformly effective for all plants, 



Fig, C. — Slices of normal and seedless tomato fruits. ^1, normal fruit containing 
seeds, developed as a result of pollination. B, seedless fruit, developed as a result of 
hormone treatment applied before pollination. {Photograph, coiirtesp of Bogee 7'hompson 
Inatihde for Plant Research,) 

hence no ''standard method” has been developed. Details of 
some of the results achieved’ with tomato and other plants are 
given below. 

Fruit Set and Seedlessness. Tomatoes . — ^Early hormone 
work with tomatoes and other plants was directed toward 
obtaining seedless fruits (Table 2, Fig. 6). It soon became 
clear that the important horticultural contribution of hormones 
to tomato production lay in supplementing normal pollination 
to increase the set of fruit. 

In the greenhouse production of tomatoes in northern 
climates during the winter months, natural pollination is poor 
and the setting of fruit consequently greatly reduced. The use 
of synthetic hormones increases fruit set and makes it possible 
to obtain a greatly increased crop of well-formed large fruits "of 


Table 2.-— Tbeatments Employed to Induce Seedlessness in Numerous Varieties op Tomatoes (Lycopersicon esculentum) 
The hormones have been applied in varying concentrations in lanohii or other pastelike carriers, in water and emulsion sprays, and 

in the form of vapors. 
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a quality frequently better than those which develop under 
natural conditions.”^’' 

In field-grown tomatoes, hormone treatment has not thus far 
resulted in improved total yield. However, hormone sprays 
applied to the first flower clusters of the season have been found 
to increase the set of early fruit. 

Muskmelons . — Muskmelon production is often sporadic; for 
reasons not fully understood, flowers fall off the vines without 
developing into fruit. It has been found^ that 1 per cent 
indoleacetic acid in lanolin applied to one lobe of the stigma 
immediately after pollination will reduce this abscission and thus 
increase fruit set. This technique has proved of value to plant 
breeders who want to obtain the maximum yield of fruits 
following hand-pollination. Hormone treatment in such a pro- 
cedure does not prevent the normal formation of seeds. 

Potatoes. — Oi'dinarily potatoes bear few or no fruits. 
Attempts to increase fruit (“seed ball”) production in green- 
house plants^ by spraying the flowers mth a dilute naphthalene- 
acetamide solution (0.0005 to 0.002 per cent) have not been 
successful. Spraj^s of 75 and 7.5 mg. per 1. of naphthoxyacetic 
and dichlorophenoxypropionic acids, respectively, are also 
ineffective in setting potato seed balls.^^ 

Beans . — The set of snap beans®® has been increased 1^ spray- 
ing with naphthoxyacetic acid and naphthaleneacetamide, 
resulting in an increased crop yield. The increase was greater 
in years in which the pod set normally would have been poor, as 
during a hot season. In the early pickings, maturity of the 
pods was speeded up 5 or 6 days by such treatment. 

Dusting the flowers with App-L-Set or Parmone increased 
the crop yield of wax beans by 15 per cent.^ 

Citrus Fruits : — Flowers of Washington navel orange and 
Marsh grapefruit were sprayed with naphthaleneacetic, indole- 
acetic, indolebutyric, and furacylic acids and calcium furoate in 
an effort to obtain an increased percentage of fruit set.^^ None 
of the treatments improved fruit set. 

Self-sterile Plants .- — Many varieties of plants are incapable of 
setting fruit when self-pollinated and are, therefore, said to be 
self-sterile. The reasons for such sterility are not fully under- 
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stood, but one of the important causes is the failure of pollen 
tubes to grow long enough to fertilize the egg. In some cases 
the pollen tubes might eventually reach the ovary if the flower 
did not fall prematurely. A case has been reported® where a 
hormone spray has overcome self-sterility in petunias. In this 
particular variety, the pollen tubes fail to reach the ovary before 
the style abscises. When the flowers were sprayed with a 0.001 
per cent water solution of naphthaleneacetamide, seed capsules 
developed containing viable seeds. Preliminary experiments 
show this method to be effective for increasing the self-fertility 
or seK-compatibihty of- inbred and sterile marigolds (Tagetes 
erecta), cabbage (Brassica oleracea), and red clover {Trifolium 
pratense). This technique maj^ provide an important new tool 
for the horticulturist and plant breeder whereby he may over- 
come sterilities in breeding stock and thus, through the produc- 
tion of viable seed, more readily develop new varieties of plants. 

Oppositely Sexed Plants. — In certain plants such as holly 
(Ilex opaca) and winterberry {Ilex verticillata), two plants of 
opposite sex are ordinarily necessary in order to obtain a set of 
fruit. In holly, for example, the female trees do not produce 
their well-known red berries if male (pollen-bearing) trees are 
absent. It has been shown that treatment of the female flowers 
with certain plant hormones causes holly berries to develop 
without pollination. An easy and effective treatment 
for greenhouse plants is to spray the female flow'ers with a 0.006 
per cent water spray of naphthaleneacetic acid. For dutdoor 
trees, water sprays of 0.01 and 0.005 per cent naphthalene- 
acetamide were found to be somewhat more effective than 
naphthaleneacetic acid. Plants with flow^ers of the two sexes 
borne on separate plants, such as holly, thus offer excellent 
possibilities for research with hormones in relation to fruit set. 

OTHER RELATED EFFECTS 

Certain characteristics of hormone-induced seedless fruits 
may vary slightly from normal. There is evidence®'*’®^ that 
seedless tomatoes are sweeter than those containing seeds. In 
the case of watermelons and the larger pineapples produced by 
hormone treatment, the flavor was reported unaltered.®'®^ 
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Slight changes in shape may accompany seedlessness. 
Thicker rinds and less juice characterize the few seedless water- 
melons produced.®^ It has also been reported”’®^* that there 
were “seed” coats in the watermelon even in the absence of 
pollination. 

Table 4.— Plants Beaking Nonedible Fbuits That Have Been Made to 
Develop Seedless Fruits 


African 

Lychnis^® 

Begonia 

Nasturtium®® 

Ciarkia^^ 

Orchid®®'®^ 

Cyclamen-^® 

Petunia^®'®^ 

Datura'^® 

Primrose®® 

Foxglove*^® 

Salpigiossis^® 

Fuchsia^®’^^'®^ 

Shooting star®® 

Geranium 

Snapdragon 

Gladiolus^®’®’* ” 

Stock 

Godetia^'* 

Surprise lily^® 

HolIyS, 9. 10,61,65 

Luffa (‘S^egetable sponge 

Tobacco^®’^^ 


Fruit Size. — The size of fruit has been increased in many 
cases as a result of hormone treatment applied for the purpose of 
setting fruit or producing seedless fruits. Larger apples have 
been reported to result from treatment with naphthaleneacetic 
and indolebutyric acids, at 0.001 per cent concentration. These 
were injected into branches or cut shoots and increased the size of 
fruit by one-sixth to one-fourth at time of harvest.” 

The weight of blackberry fruits was increased by treatment 
with indoleacetic, indolebutyric, naphthoxyacetic, and chloro- 
phenoxyacetic acids. When plants were sprayed with an aque- 
ous solution of 40 per cent chlorophenoxyacetic and 60 per cent 
naphthoxyacetic acids, a 99 per cent increase in berry weight 
resulted.®® A similar increase in weight of tomato fruits has 
been reported also,^® but these fruits are frequently smaller in 
size. 

Pineapples normally produce seedless fruits. When the 
flowers are sprayed with naphthaleneacetic acid (0.05 per cent 
most effective concentration), fruits of greater size and weight 

* And F.S. Hewlett, 1946, correspondence: “ We have obtained several seedless 
watermelons but the seed coats had enlarged-. They were almost as large as seeds 
would normaEy be, and were hollow. . . . My experience leads me to believe that 

seedless watermelons are out/' 
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are produced. The quality of fruits stimulated in this way is 
equal to that of the smaller, untreated fruits.® (See Chap. VII 
for the effect of hormones on time of flow^ering in pineapple.) 

In field trials a 17 per cent increase in yield of strawberries, 
variety Tardive de Leopold, resulted from drench spraying with 
a w'ater solution of naphthoxyacetic acid (20 p.p.m.) when the 
plants were in full flower. Size rather than number of fruit was 
increased.^’' The fruit did not have a full number of seeds. 
In 1942, Swarbrick reported that fruit development was delayed 
by 3 w^eeks as a result of one spray application of naphthalene- 
acetic acid put on at full flower. Such treatment could be used 
to spread the picking and marketing season. 

Application of hormones to the flowers of tomatoes maj"- 
result in larger fruit.”’®® Fruit size has been increased up to 
65 per cent over that of fruits resulting from normal pollination, 
depending on the variety. Increased size of fruit did not impair 
quality. 

Prolongation of Life of Flowers. — Flowers have lasted longer 
on the plant when sprayed with hormones. Fuchsia flowers 
exposed to vapors of naphthaleneacetic acid lasted 5 to 10 days 
longer than the controls. Phlox flowers, however, exposed to 
vapors of esters of indoleacetic and naphthaleneacetic acids, 
lasted little or no longer than normal.®’ Flowers of tomato®* 
exposed to vapors of various chlorophenoxy compounds last 10 
to 30 da 3 ^s longer than untreated ones. 

KVALUATION 

Onlj’’ with the tomato plant have hormones been used 
successfully and profitabty in inducing fruit set. Some of the 
fruits thus produced are seedless. The method is of particular 
value to the grower of greenhouse crops since it supplements the 
effect of normal pollination, which is often inadequate in green- 
houses. Until proper techniques are developed, the value of 
hormone treatment for other plants is limited. The ability to 
increase fruit set is such an asset to growers, however, that 
commercial use of hormone treatment will no doubt be extended 
to plants other than the tonJato. 

Sevex’al different kinds of plants have been made to produce 
seedless fruits. The list given in Table 5 of fruits successfully 
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made seedless by hormone treatment, in contrast to those on 
which little or no work has been done, makes clear the opportu- 
nities for future work in this field. Thus far, tomatoes are the 
only hormone-induced seedless fruits produced on a commercial 
scale. 

Tabi.e 5.— -Edible Feuits Made Seedless (Parthbnocarpic) by Hormone 
Treatment of Flowers 

The varieties tested without success (thus far) are listed also. See Tables 2 and 3 

for references. 

Unsuccessful, or Inadequately Tested 
Apple 
Blackberry 
Blueberry 
Cantaloupe 
Cherry 
Date 

Dewberry 

Grape (varieties with seeds) 

Lima bean 
Peach 
Pear 
Plum 

Raspberry 

* Small percentage of flowers treated yield seedless fruit. 

The main advances in seedless fruit production will come 
when the pomaceous fruits, and berries, cherries, and plums 
can be made seedless on a large scale. Before certain fruits 
are satisfactorily made seedless it will be necessary to dispense 
with the seed coat; in seedless watermelon, for example, the 
remaining coat is often as large as the normal seed. Seedless 
cherries and plums will be of no advantage unless chemicals are 
found that will prevent the hard layer surrounding the seed 
cavity (the “pit”) from forming. Furthermore, the extent to 
which hormones will ultimately be used commercially for 
assuring fruit set, or for seedless fruit production, depends on 
such factors as the cost of the chemicals and the ease of applying 
them. The increased value of the crop must be such that the 
added expense is worthwhile. 

SUMMARY 

Although fruit set without pollination was first induced 
experimentally in 1909, it is since 1936 that spec jfic chemicals 
have been used for the purpose. Plant hormonei|a| je now known 


Successful 
Buttercup squash 
Cucumber* 
Eggplant 
Pepper* 

Pumpkin 
Strawberry 
Summer squash 
Tomato 
Watermelon* 
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to induce fruit set in various edible varieties of plants, and very 
successfully in tomato. These hormones are applied to flowers 
in pastes, spraj^s, emulsions, or aerosols, depending upon the 
number of plants being treated. 

Induced fruit set (artificial parthenocarpy) often results in 
seedless fruits. Among the edible fruits that have been made 
seedless experimentally are tomato, strawberry, pepper, eggplant, 
cucumber, squash, and pumpkin; thus the rose (Rosaceae), 
nightshade {Solanaceae), and gourd {Cucurbitaceae) families 
have jielded seedless fruits upon experimental treatment. 
Nonedible seedless fruits of 15 different plant families have been 
produced by hormone treatment. 

Other effects resulting from hormone treatment of flowers 
include increased fruit size and prolongation of the life of flowers. 
The opportunities are almost unlimited for future work in 
inducing fruit set and in producing seedless fruit by hormone 
treatments of additional edible varieties of plants. 
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seed destroyer (see Chap. VIII). This work on hormone killing 
of seeds promises to be more fruitful than the earlier work on 
stimulating seed germination and growth. 

MATERIALS AND PROCEDURES 

In the many seed-treatment experiments that have been 
carried on in various countries, the hormones that have been 
used are for the most part those which have proved effective in 
rooting cuttings and making seedless fruits ; namely indoleacetic, 
indolebutyric, and naphthaleneacetic acids and their salts. 
These have been applied as pure chemicals and in commercial 
preparations such as Hormodin and Eootone. Of the vitamins, 
various members of the B complex have been used most com- 
monly. Both dusts and solutions have been employed. Dusts 
are more convenient for seed treatment because they adhere to 
seeds better and because seeds can be stored after treatment, if 
necessary, without danger of spoilage. Talc has been the carrier 
generally used. Mixtures of hormones and fungicides have been 
applied in an attempt to offset the deleterious effects of the 
fungicides on germination and seedling growth. 

EFFECTIVENESS OF SEED TREATMENT 

Synthetic hormones have been applied to seeds by numerous 
investigators with the following specific ends in view: (1) to 
increase percentage of germination, (2) to increase rate of 
germination especially of those seeds in which germination is 
normally delayed, (3) to accelerate the growth rate of the plant 
and hence advance the date of maturity, (4) to increase the yield 
of foliage or root crop plants (e.g., alfalfa, sugar beet), and of 
fruit and seed crops {e.g., wheat, corn, peas, beans), and (5) to 
counteract deleterious effects of fungicides. 

A few representative treatments and results with seeds of 
both woody and herbaceous plants from many families are cited 
in Tables 1 to 5. A study of the data discloses that more 
negative results have been obtained than positive. Of the 
several investigators who have experimented with a wide range 
of plants, Amlong and Naundorf^ (Table 4) are the only ones 
who report widespread success. 
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There have been other positive reports on indi\ndual plants. 
Swartley and Chadwick^^ (Table 3) found a significant increase 
in the percentage of germination of 11 out of 41 kinds of seeds 
after treatment with indoleaeetic acid plus thiourea, and of 
some of the same kinds of seeds treated with naphthalene- 
acetamide plus thiourea. In a few species (sorghum, peas, and 
navy beans) Allard et alJ report that concentrations of 0.01 
and 0.1 p.p.m. of dichlorophenoxyacetic acid were .somewhat 
stimulating to early seedling growth. (See also Chap. IX, 
pages 259-261.) 

It may be noted in Tables 1, 3, and 4 that various \dtannns 
have been applied to seed.s either alone or in combination -with 
hormone preparations. Investigators have doubtless based this 
procedure on the fact that laboratory experiments have showm 
the necessity of \dtamin Bi for the growth of excised roots of 
certain plants in culture solution. There is no e\ddence to 

show that the germinating .seed or any part of the intact seedling 
benefits from the presence of a vitamin supply other than that 
stored in the seed or made in the green leaves of the seedling 
plant. 

The germination of orchid seeds in a .sterile medium is a 
specialized problem beeau.se of the fact that in nature the seed- 
lings soon become infected with a symbiotic fungus. The 
stimulating effect of vitamin treatments reported by Meyer'® 
and by Noggle and Wynd'*- (Table 3) can perhaps be explained as 
the addition of a substance that would normally be supplied by 
the fungus. 

It seems probable that there are inherent differences among 
seeds in their capacity to respond to hormone treatment applied 
prior to planting. There is as yet no evidence to explain such 
differences. The conflicting experimental results may possibly 
be related to differences in environmental conditions, in experi- 
mental techniques, or in permeabilities of seed coats. The 
weakness of the idea of seed treatment for the purpose of stimu- 
lating germination lies in the fact that most seeds have an abun- 
dant supply of all the substances that are necessaiy. 

One of the most promising fields of exploration is the use of 
hormones in combination with fungicides, based on the theory 
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that the fungicide exerts its suppressing effect on germination 
by inactivating hormones in the seeds. Partial success in this 
field has been reported by Grace/^’^^ Croxall and Ogilvie,® and 
W ark^® (T able 5) . On the other hand, Templeman and Marmoy 
obtained from well-replicated experiments only negative results. 

The most dramatic objective of seed treatment, that of 
increasing the entire subsequent growth and yield of plants by 
applying hormones to the seeds before planting, has not yet been 
realized. 

HORMONE DESTRUCTION OF SEEDS 

Experiments on the use of 2,4-dichlorophenoxyacetic acid 
(2,4-D) as a weedkiller (see Chap. VIII) have shown that this 
substance may have a strongly deleterious effect on germination 
and growth, whether used for the treatment of seeds before 
planting or for treatment of the soil (for weed-seed destruction). 
In 1945 Mitchell and Marth^® sprayed plantings of three differ- 
ent grasses with 2,4-D, immediately after sowing. They found 
that the emergence of seedlings observed 7 days later was 
reduced to approximately 5 per cent in the case of red top 
{Agrostis alba), 68 per cent in Kentucky bluegrass (Poa pratensis), 
and 83 per cent in creeping red fescue (Festuca rubra). In 1946, 
the same workers^^ reported that the toxic effect persists much 
longer in air-dry soil than in moist soil; they also noted that there 
is a striking difference between seeds as to their tolerance of 
2,4-D. For example, in soil to which 2,4-D has been added at 
the rate of 4 mg. per lb. of soil, and which had then been stored 
air-dry for a month, emergence of mustard was reduced by 90 
per cent, whereas emergence of barley was- not noticeably 
affected. Soil, treated with 2,4-D at the rate of 20 mg. per lb. 
of soil and kept warm and moist for 2 weeks or longer, did not 
reduce the emergence of mustard plants. 

Hamner, Moulton, and Tukey^® found the treatment of 
muck and manure with 2,4-D so effective in preventing germi- 
nation that they suggested its use for weed control in top dress- 
ings for lawns and golf courses and for the conditioning of 
seedbeds. Marth and Mitchell'-’’ suggest its possible usefulness 
for weed control in combination with fertilizers and fungicides. 



Table 1. — Hormone Treatoient ob^ Seeds as Ab^b'Bcting Germination* 


190 


HORMONES AND HORTICULTURE 



af!(K?te(l wheat roots 
similarly 

I A at 316 mg. per 1. 
d e f o r m e d w li e a t 
roots 



HORMONE TREATMENT OF SEEDS 191 


S=! CD 


CU 

is 

•S ,S 


Q ^ 


^ 9 

■+3 ‘ri 


0 u 

1 Si & g 


S g 


i .3 g I -s 

« =3 g g 

CD b£l lT 
pi CD 0 O 

d CO H a S 
ft S3 ^ ^ 

•3 ^ ^ 


Pi .ft s 
o E o 
0 .P! 0 


^ w 

0 rSi 

o Dp +5 ^ 
M yn ^ 

^ -P 

S 2 

0 DP' O P 


?tJ 

0 

b 

O 

•+3( 


?s ^ 


0 p 

o 


0 H 

s s 

ft ^ 
ft 0 
® o 


0 +3 


Tti O 
<M ® CM 
— 

•uS cc 
P O 
2 ^ 

o N 

» -c r 


CO 


0 


0 M 
0 ^ dP 


1 <{ ft 

iKi^ isO 


S d 2 

.2 o ^ 

§.a 

©■fQ ^ 

HH O 

^ ^ P 
.S o 

S 2 ‘-3 


(M ^ 


CO 0 


S g ft. 


m 


bO o 

S P4 


o 

o 

o 


p 
ft 
ft 
o 
. o 

s s 


4-S 


W 

i >~t 


o p 

0-2 

S 


- o 
o 
9, 

ft .. 

CO 


S 

ft 

CO 


pq 

.a ^ ^ 

i ft.2 

.-p (£ dp iz; 


0 


a 

ft o 


P4 W 


P 

o 

'p 

0 

0 

!.k 

o 


p 

o 

rP Cp 

P 

0 np 
0 cj 

5 ^ 


^^'=0 0 Ip 

'p' S o g' "S 
•§ 



2 ^ 
2 ^ 




W) O o 

0 ^ CP 
no rH 

« 

S • .2 

rj O P 

P *0 

§ ri S 

B 

o 


* lA = indoleacetic acid; IB — indolebutyric acid; and NA =* naphthaleneacetic acid. The prefix K indicates the potassium salt of the acid. 



192 


HORMONES AND HORTICULTURE 


i 

I 


!i3 

s 


a 

fe 

c 


m 


o 


^ A 

r S § S 

^ rii 

5 & r'5 


6 2 
c M 


^ o 
S JQ 


^ s 

p< B 


2 S & 


P4 


p! c 

c c 

’ll ^ 

2 Si? 


O 


(5 E £ 

;ic: ?-• 

b£‘ 

^ «+-i 

?5 « 


& 

O 


o IS 




e! c3 

o ^ 

JG f=! 

*S S' 
s .2 

Q 



rJ 


•B8 = S- 

I ^ r 
: 'o ri H 14 

i CO 


^ O ^ 

•i c ' 


-M -< 

tc 


O 

m 

g S 

B ^ 

O g 

O 


c; 

s 

tM 

0 

1 

M 


O 

§ 


IS 

o ^ 


o 

o 

Xt 

0 

m 


o O 

t) ^ 

^ Ci 

wfj^ O 

fcC ^ 2 
d *^ 2? 


a 


0 

O 


1 00 


O ' 

■ 4 -i 

CO 


d 

5 



Tabjle 2.- — Hobmone Treatment of Seeds that GerxMinate Slowey (Seeds that Ordinarily Require Various Pretreat- 


HORMONE TREATMENT OF SEEDS 


193 


Pm P 


s -2 a 


CD O u 


o *43 


o 


w p, 


3 w o 


P 

P4 


a § ^ 

a o o 


o 

B 


p 

m 

CD 


s 

i g 

P 

o -P 


O ^ O 


Itt U) 
p O 
O 

^ C 3 


CD CD 

^ bJ) 

P CD 
O ^ 


P P 

.a ^ 

g g 


-p 
p g 

CD 

03 

P 

>>.2 
rP -+3 


-a 

CD P 

.'p 

s p , 

.2 


S 03 S 

4J CD i-P 


2 o 

Pm *43 
p P 
P 

CD ‘P 

^ fi 

CO JL^ 
CD O 

S bJC 
•P hD 


0 • 

W Jp 

s g 

-S 

2 ^ 

^ TS 

1 i g 


g 

2 P 

0 O 

Pi *43 

.a .a 

2 I 


0 P .2 p 
-P rP ir3 0 


3 J 

3 


O 

Pm tp 


ft 


g 

M 

w 

O 

g 

cC 

a 

S 


^ P 

c 3 53 
.2 cc*'- 

0 .2 

Dp +3 

O 


pq r-4 1> 

<1 c 3 

^ P 

<f ^ W ti 

^ 8 ^ 

<r o'^ s 


pq 


^ Pi 

CQ 


i> 
: CO 


tf 

^ ® ^•' 
- o <I 

^25 

P 


'oD 

P 


CO 

^ t: 

Iz 0 


0 

<N 

CO 

1 


CO 0 
O P 


0 

03 

rP 

•P « 

g o 

o 


p 

o 

p 

0 

0 

O 


o 


TJ s 
0 ''p 

O rc; 
P 

.rH 0 


o- ft 


P 


o 


p ^ 

M CD 

o 


33 

'-' 0 S 


o ^ ^ 
^ 

o O ec 

2 ^ S 


P 


"CS ^ 

o 

o 

b£} ■ 
O 


0 r 

'*0. P 
& 02 

li 

P 0 


P 

2 g 


^ P 
o 


q- 0 
^ Ld 

o, ^ 


I 


'V Gi 

M ft 

^ 03 
C 




P o 

Q 'sf 


* I A == indoleacetic acid; IB — indolebutyric acid; NA = naphthaleneacetic acid; NO A = naphthoxyacetic acid; and Px\ = phenylacetic acid. The 
prefix K indicates the potassium salt of the acid. ^ 



Table 3. — Hormone Treatment of Seeds as Apfbctino Germination, Growth, and Yield 
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* lA = indoleacetic acid; IB = indolebutyric acid; NA = naphthaleneacetic acid; NOA = naphthoxyapetic acid; and PA = phenylacetic acid. The 
prefix K indicates the potassium salt of the acid. 
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Table 4.— Hobmonb Tbbatmbnt op Seeds as Affecting Cbop Yield* {Continued) 
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lA == indoleacetie acid; IB “ indolebutyrio acid; NA = naphthaleneacetic acid; NO A == naphthoxyacetic acid; and PA == phenylacetie acid. Tke 
prefix K indicates the potassium salt of the acid. 
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* lA = indoleaeetie acidj IB « indolebutyric acid; and NA = napKthaleneacetic acid. 
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Experimenting with the soaking of 16 kinds of seeds in 
solutions of 2,4-D prior to planting, Hamner, hloulton, and 
Tukey“ found great differences in degree of injury as judged by 
the percentage of germination and growth of seedlings. Pea 
and ,§weet clover showed some injury as a result of soaking for 
4 hours at 1 p.p.m.; many kinds showed injury at 10 p.p.m., 
and all the kinds tested except fescue grass {Festuca elatior) and 
timothy {Phleum praiense) shoAved injurj^ most of them .great 
injury, at 100 p.p.m. In general, the grass seeds tested AA'ere 
found to be more tolerant than other seeds. HoAA’ever, results 
obtained AAuth different kinds of clover show that only specific 
trials (not botanical relationship) can determine tolerance, for 
white sweet clover (Melilotus alba) aa’us found to be relatiA^ely 
susceptible, Avhereas alsike clover {Trifolium hybridum) AA'as as 
tolerant as many kinds of grasses. 

In tests on seeds of 22 different cereal and broadleaf crop 
plants, Allard et aid report that 1 p.p.m. of 2,4-D causes a 
retardation of rate of germination and a decrease in the number 
of seeds that germinate. In general, roots are more sensitive 
than shoots. Concentrations as low as 0.01 p.p.m. cause a 15 
to 20 per cent reduction in the length of root.s of wheat and cow- 
pea seedlings. Concentrations of 1 p.p.m. or greater cause 
swelling of seedling roots and inhibit the developnreut of lateral 
roots. 

VERNALIZATION 

Vernalization is another tj^pe of seed treatment that may or 
niay not be related to treatment AA'ith hormones. It consists 
essentiallj" of pretreating seeds AAuth neater and then exposing 
them to a specific temperature, and sometimes light, in such a 
Avay as to accelerate the later growth of the plant and hasten 
the date of its maturity. Usually the seeds are soaked until 
they begin to sprout, then held at temperatures just aboAO 
freezing for a few AA’eeks. Vernalization experiments liaA'e been 
done chiefly on seeds of cereals, although seeds of several other 
kinds of plants have been successfully vernalized. Vernalization 
is reported to be useful in Russia because vernalized Avinter 
Avheat can be planted in the spring and aaiII mature in the same 



HORMONE TREATMENT OF SEEDS 


203 


growing season. However, it is of little practical value in the 
United States. The subject is well summarized by Miller 
and is mentioned here only because some hormone treatments of 
seeds have jdelded results that are comparable to vernalization 
and suggest a possible relationship between the two processes. 

EVALUATION AND SUMMARY 

Different synthetic hormones and vitamins have been applied 
to many kinds of seeds under many environmental conditions. 
Results are in some instances directly contradictory, but the 
sum total of evidence up to the present seems to justify the 
following conclusions : ' 

1. Addition of hormones to fungicides for the purpose of 
offsetting the deleterious effects of fungicides on germination 
and growth is reported to give promising results. 

2. Treatment of a few kinds of seeds with synthetic hormones 
for the purpose of stimulating germination and increasing 
subsequent growth and yield is reported to be efficacious, but for 
the majority of seeds thus far tested it has been without effect. 
There is little or no evidence to support the idea that seeds can 
make use of hormones or vitamins over and above their natiu'al 
supply. 

3. Certain synthetic hormones such as 2,4-D (2,4-dichloro- 
phenoxyacetic acid) exert a highly injurious effect on germina- 
tion and seedling growth of many kinds of plants. This charac- 
teristic has led to their use as seed destroyers in seedbeds and in 
manure. In combination with fertilizers, 2,4-D holds promise 
as a new tool for destroying seed contaminants in agricultural 
soils. 
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CHAPTER VH 


HORMONES AND VITAMINS IN RELATION 
TO MISCELLANEOUS GROWTH PHENOMENA 

Hormones have been used, with varjdng success, in several 
other growth problems, such as control of time of flowering, 
fruit ripening, root grovdh, transplanting, grafting, and strength- 
ening of crotch angles of trees. There is also emdenee that 
hormones may be effective in seed production in plants that are 
ordinarily genetically sterile (see Chap. V). 

Control of Time of Flowering. — Hastening the period of 
flowering is of commercial importance for certain plant.s. Ethy- 
lene and acetylene gas have been known for several years to 
promote earh' flowering in pineapple.''-’'’®'’ Clark and Kerns® 
found that naplithaleneacetic acid and other naphthalene com- 
pounds (0.006 per cent water spray.s) .sprayed on the foliage of 
pineapple plant.s of the variety Smooth Cayenne .stimulated the 
formation of flowers 2 months before the plants would normally 
flower. On the other hand, flowering could be retarded by 
lugher concentrations (0.1 per cent) of the same chemicals. 
Cooper® in Florida found that in the Abachi variety of pineapple 
the effect of hormone treatment upon flowering date depended 
upon the time of application; thus, naphthaleneacetic acid 
applied as an oil emulsion spray (0.001 to 0.0006 per cent) 
accelerated flower formation only when applied in mid-October. 
Earlier and later applications did not alter the flowering dates. 

Abundant flowering in every month of the year has been 
induced in the Cabezona variety of pineapple.®^ Van Overbeek 
has pointed out that certain varieties of pineapple flower 
abundantly during their natural flowering season (Avinter), 
while others such as the Cabezona flower .spansely. Only about 
25 per cent of the Cabezona plants (Puerto Rico) produce 
flowm’s in their second year, and the remaining 75 per cent, 
although of mature size and capable of bearing large fruits, may 
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spread their natural flowering over a period as long as 5 years. 
This irregular and unpredictable flowering behavior can be fully 
controlled by hornaone treatment. Fifty milliliters of 5 to 10 
p.p.m. (0.0005 to 0.001 per cent) or 0.25 to 0.5 mg. per plant of 
naphthaleneacetic acid or dichlorophenoxyacetic acid put into 
the crown of a Cabezona plant in any month of the year will 
bring the plant into flower in about 2 months, thus making 
possible the control of the period of harvesting. 
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Fig. 1.— Flowering of pineapple (Ananas comosusym:. Cabezona) brought about by a 
single hormone treatment applied any month, of the year. Plants flowered about 2 
months after treatment. Each point on the graph represents a group of 40 to 50 plants. 
Treatment consists of pouring into the crown of each plant 50 ml. of a 5 or 10 p.p.m. 
solution of naphthaleneacetic acid (0.25 or 0.5 mg. per plant). Fruits can be harvested 
5 to 6 months after treatment. (Adapted from Van Overbeek.^i) 


Control of flowering of pineapple makes possible an extended 
picking and marketing season. A 3 weeks’ retardation of 
flowering in strawberries^” as a result of spraying with naph- 
thaleneacetic acid also extends the picking and marketing season. 

Hastening maturity of snap bean pods by as much as 5 or 6 
days is reported^” to result from spraying with naphthoxyacetic 
acid or naphthaleneacetamide. 

Many kinds of plants (fruit trees, ornamental shrubs, etc.) 
do not flower until they are several years old; thus the value of 
new hybrids cannot^ be determined for some time. If chemical 
treatments can be found that will induce very young fruit trees 
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to flower and bear fruit, much time will be saved by eliminating 
years of care of stock that eventually proves to be worthless. 

Production of Flower Clusters in Place of Leafy Branches. — 
Parts of tomato plants that ordinarily develop into stems and 
leaves have been made to produce flower clusters by treating 
young plants with triiodobenzoic acid.” Ordinarily flow^er 
clusters are borne along the stem with no consistent relation to 
the position of leaves, and a leafy branch grows in the axil of each 
leaf. The terminal growing tip of the plant continues to produce 
new" stems, leaves, and flowers. After the plants are treated 
(when 4 to 6 in. tall), flower clusters develop not only in their 
usual positions along the stem, but also on the ends of both 
axillary branches and the main stem, thus terminating vegeta- 
tive growth of the plant. The chemical is effective whether 
applied as a spray (25 to 500 mg. per 1. of water), in a lanolin 
paste (1 to 20 mg. per gm. of lanolin), as a vapor, or as a solution 
poured on the soil (1 to 10 mg. in 50 ml. of water in a 4-in. pot). 

Flower-inducing Hormones. — The w"ork on control of time 
of flowering in pineapple with naplithaleneacetic and dichloro- 
phenoxyacetic acids, and the induction of flow^ers in place of 
vegetative tissue in tomato by triiodobenzoic acid, stronglj" 
suggests that these substances play the role of flower-inducing 
hoinnones in certain kinds of plants. If subsequent work shows 
this to be the case, then flower hormones are of the same general 
chemical nature as the plant hormones already w'ell knowm, and 
even identical with some of them. 

Fruit Ripening. — Quickened ripening of fruit picked wrhile 
green has been reported by Mitchell and Marth.^® Bananas, 
apples, and pears, wiien treated with dichlorophenoxyacetic 
acid, ripened several days ahead of the untreated fruit. Bananas 
turned yellow in 24 hours and were fully ripe 5 days after treat- 
ment; apples and pears ripened in 5 to 8 days. The procedure 
consisted of dipping the fruits for 1 second into an aqueous 
solution of the acid (first dissolved in Carbowax 400). Con- 
centrations effective in ripening w"ere as follows: 


Apples, 500-1 jOOO p.p.m.: 

Bananas, 200-1^600 p.p.m.: 

Pears. 100-1,000 p.p-m... 
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At no concentration did detached fruits of pepper, tomato, or 
persimmon show signs of ripening owing to hormone treatment. 

Vitamins and Root Growth. — ^Laboratory experiments have 
shown that vitamin B i is necessary for the growth of many kinds 
of roots when they are detached from the parent plants and 
grown in culture solution.^-^^’*® Since this vitamin is pro- 
duced in leaves and transported to roots, where it takes part in 
growth processes, it may be considered a hormone for root 
growth.^”’®® 

The results of experiments with vitamin Bi have been 
extremely variable. The work of Bonner and Greene^’® sug- 
gested that watering plants with a solution of vitamin Bi 
stimulated root growth and hence might result in better top 
growth. Their results were not conclusive. The beneficial use 
of vitamin Bi in rooting cuttings was reported by Warner and 
Went®^ but most workers^®’ “’®® have been unable to obtain 
consistently helpful results from its use. Unless or until more 
conclusive experimental data become available, the practice of 
watering plants with vitamin Bi cannot be recommended. 

The development of orchid roots presents a more or less 
special problem. Curtis® has reported better root growth of a 
number of orchids when they were watered weekly with 5 cc. 
of a solution containing 1 p.p.m. of vitamin Bi.* In view of the 
conflicting reports regarding other plants, however, no final 
conclusion is warranted on orchids until the work has been 
repeated. 

Hormones and Transplanting. — Transplanting trees, shrubs, 
and even herbaceous plants often results in serious wilting and 
slow recovery, or even failure to survive at all. Because hor- 
mones are known to promote the rooting of cuttings, it has been 
suggested that they may also hasten the growth of new roots on 
transplanted trees and seedlings. If so, they would stimulate 
resumption of normal growth rates and increase the numbers of 
individuals that survive transplanting. 

The actual value of watering newly transplanted plants with 
hormones is questionable. Tomatoes, for example, have given 
no consistent response.®’®^’®®’®® Watering newly planted white 

* For data on seed treatment with vitamins, see Tables 1 and 3 of Chap. VI. 
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spruce trees with a commercial preparation containing naphtha- 
leneacetamide and vitamin Bi was not beneficial/"" but the same 
preparation was reported to increase survival and growth of 
eastern red cedar and tomato.®^ Later investigations showed 
that, although such preparations promoted a somewhat quicker 
recovery after transplanting, no permanent improvement was 
produced.®® 

A few workers'*’ have reported that promising results 
were obtained by soaking or otherwise treating roots of trans- 
plants ^\^th hormones, but carefully controlled experiments are 
still too few to warrant recommending the application of hor- 
mones during transplanting. 

Hormones and Grafting. — Thez’e have been a few reports of 
the use of hormones to promote the union of grafts and the root- 
ing of grafted cuttings of grape. Both scions and stocks are 
treated with hormones by dipping the cut sui’faces into hormone 
solutions, by painting the graft with hormones, or l>y covering 
the cut surfaces with lanolin-hormone paste."' hliiller-Stolh® 
found the last method to be less beneficial than the other two in 
promoting union of the graft, in rooting of grafted cuttings, and 
in stimulating top growth. Soaking the scions and stocks of 
grape in 0.01 per cent indoleacetic acid for 16 hours before 
grafting improved rooting of the grafted cuttings, but also 
induced roots at the point of union. The number of plants 
surviving the grafting process when scions and stocks were 
treated with hormones was increased by about 25 per cent.*® 
A summary of the results obtained by Kordes from 1937 to 1941 
indicates that best results are obtained by dipping both stock 
and scion briefly in solutions of indolebutyric acid or its potas- 
sium salt (0.0025 per cent).**'*® Indoleacetic acid at a concentra- 
tion of 0.1 per cent in lanolin paste has been reported to be 
beneficial in budding plums. Some injury resulted from such 
applications.*® 

Hormones have been used to stimulate root formation on 
Virginia crabapple scions grafted onto seedlings of French 
crabapple. The French crabapple rootstocks serve as nurse 
roots until own-rooted plants of Virginia crabapple can become 
established. This process, normally requiring several j^ears. 
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may be accomplished in one growing season through the use of 
hormones. Hormone pastes or dusts were applied for several 
inches along the stem above the graft union, but not to the union 
itself, just before the trees were planted outdoors in the spring. 
All the treated stem tissue was covered with soil. By November 
so many roots had formed on the Virginia crabapple scion that 
the nurse root could be pruned off. Excessive callus tissue 
occasionally resulted from the hormone treatments.’^ 

The hormone treatment deAused for Virginia crabapple may 
prove valuable in the budding or grafting of peaches and other 
fruits and perhaps lilacs, but, since such practices are still in 
the experimental stage, they cannot be recommended for general 
use at this time. 

Crotch-angle Strengthening.— Crotch angles of apple trees 
have been widened and thus strengthened by hormone treat- 
ment. Indolebutyric acid (5 to 25 mg. in 100 g. lanolin) applied 
either to the upper surface of the basal internode of young 
elongating lateral shoots of apple whip trees, or to the cut ends of 
whips headed back to 30 in., brought about this effect.*® 

Bud-growth Stimulation. — Overholser et oL** report that 
naphthaleneacetic acid (0.01 per cent in lanolin emulsion) 
stimulated bud growth of one-year-old nursery trees when 
applied to the cut ends of nursery whips after planting. Further 
investigation is needed. 

EVALUATION AND SUMMARY 

One of the promising uses of synthetic hormones in horti- 
cultural practice consists of hastening or retarding the time of 
flowering, thus making possible an extended picking and market- 
ing season. Preliminary work hl'g demonstrated the feasibility 
of such practices in strawberry and in bean culture, and it has 
been conclusively shown that pineapple plants may be brought 
into fruit 2 to 6 months in advance of normal. If fruit trees 
could be similarly induced to flower and set fruit when very 
young (without grafting), years of waiting for the results of 
breeding experiments could be eliminated. 

The proper ripening of fruit picked while green is important 
to growers, distributors, and consumers, and preliminary 
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investigations on hormone-hastened ripening of bananas, apples, 
and pears is reported successful. Hormones have also proved 
effective in promoting union of stock and scion in grafting. 

The popular notion that watering plants with vitamin and 
hormone solutions aids their growth and ensures greater survival 
upon transplanting is without any real supporting emdence. It 
cannot be generally recommended. 
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CHAPTER VIII 

HORMONES AND WEED CONTROL 


Control of weeds is a vast agricultural problem*^ of which the 
use of chemical weed killers is an important phase. The many 
chemicals that have been used for this purpose for a number of 
years are effective in killing plants, but most of them have several 
serious limitations. Since 1941, however, it has been found that 
synthetic plant hormones can be used for this purpose. They 
are greatly superior to the old type of chemical in that they are 

1. Selective in action, killing weeds without injuring certain 
crops. 

2. Harmless to the soil, in regions of ordinary rainfall, per- 
mittmg the subsequent normal growth of crops. 

3. Harmless to man and beast.* 

4. Reasonably inexpensive. 

5. Noncorrosive to metal apparatus. 

6. Noninfiammable. 

The new hormone weed killers are already bringing about 
revolutionary changes in the whole field of weed control. 

The substances that have proved most useful so far are 
derivatives of phenoxyacetic acid. UnUke most other chemical 
weed killers, which are general plant poisons and are used in 
concentrations of 1 to 10 per cent, these derivatives of phenoxy- 

* Experiments in which the best known of the hormone weed killers was fed to 
animals are reported by Mitchell and Marth {Botan. Oaz., 106:206, 1944). They 
state: ‘^2,4-Dichlorophenoxyacetic acid is relatively nontoxic, since 200 mg. of the 
acid was fed daily to small experimental mammals with no apparent ill effects. 
Hildebrand®^ states, '^Some investigators have consumed the chemical (2,4-dichlo- 
rophenoxyacetic acid) and suffered no iU effects.^^ When injected subcutaneously 
rather than fed, the lethal dose of 2, 4-dichlorophenoxy acetic acid is about 280 mg. 
per kg. of body weight for mice; injection of sublethal doses causes a temporary 
state of muscle weakness and prostration in various small animals. (N, Bucher, 
Proc. Soc. Exp. Biol, and Med., 63:204-205, 1946.) 

In the light of these reports it seems very improbable that a grazing or other 
animal would ingest enough of the hormone weed kiUer to be harmful. 
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acetic acid are hormonal in their action, that is, they spread 
through the entire plant and are effective in minute amounts. 
Concentrations of 0.05 to 1 per cent are commonly recommended, 
although results have been obtained vith concentrations as low 
as 0.025 per cent. The chemical is readily absorbed and 
transported through the plant, and may induce distortion and 
chemical changes not only locally but in parts far removed from 
the point of application.®-’"® Death of the entire plant usuallj’ 
ensues. 

HISTORICAL 

The idea of using synthetic plant hormones as weed killers 
seems to have arisen independently in England and in the 
United States at a time when wartime security policies prevented 
complete and chronological publication of results.^®’®®’®® In 
England initial experiments were in progress as early as 1940, 
although the results of these and subsequent experiments were 
not published until 1945. is- 14 . 57,39 United States, 

Zimmerman and Hitchcock'® in 1942 reported on the very high 
physiological activity of a new group of synthetic plant hor- 
mones, derivatives of phenoxyacetic acid. Within two years 
after the discovery of these compounds, they were shown to be 
potent killers of certain weeds, and at the same time relatively 
harmless to grasses.®^’‘‘‘ A selective herbicide had been dis- 
covered. Some of the extensive experiments on the new weed 
killers that were carried on during the war have been reported 
by Kraus and Mitchell.^® 

During the first half of 1945, the work on synthetic plant 
hormones as wned killers was translated into popular terms, and 
several descriptive articles appeared in popular and semipopular 
periodicals;®’®® commercial weed-killing preparations containing 
the new hormones were offered on the market and advertised 
extensively in newspapers and magazines. Since then, experi- 
ments have continued at a rapid pace in both the United States 
and England; the literature, both scientific and popular, has 
expanded tremendously; commercial preparations have appeared 
on the market in great numbers; and hormone weed killers have 
been adopted in agriculture. As this book goes to press, articles 
on the subject appear in practically every issue of garden maga- 
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zines and of certain botanical journals, and commercial weed 
killers containing these substances can be purchased in prac- 
tically every seed store. Helpful practical bulletins have been 
issued by several state experiment stations. Neverthe- 
less, the subject is in its infancy, and the chemicals should be 
used with caution. 

MATERIALS AND METHODS 

The hormones that have been successfully used as weed 
killers are the di- and trichlorophenoxyacetic acids — especially 
2,4-dichlorophenoxyacetic acid (popularly known as 2,4-D*) and 
2,4,6-trichlorophenoxyacetic acid (popularly known as TGP) in 
the United States, and 2,4-dichlorophenoxyacetic acid and 2- 
methyl-4-chlorophenoxyacetic acid in England. Both the acids 
and their sodium and ammonium salts have been employed, the 
salts being more soluble in water than the free acid. Ethanol 
amine salts have also been widely used. More recently, esters 
of the phenoxyacetic acids have been introduced in both the 
United States and England, and have been found especially 
effective on woody plants and plants with waxy leaves. 

The most convenient method of application is in an aqueous 
spray. A concentration of 0.1 per cent (1 g. per 1., 1,000 p.p.m.) 
is generally considered "standard strength,” and applied at the 
rate of 5 gal. per 1,000 sq. ft. distributes the active substance 
at the rate of approximately 2 lb. per acre. A relatively coarse 
spray is more effective than a fine spray or mist.®^ , The spray is 
more effective on some plants if it includes a spreader such as 
Carbowax (a preparation of polyalkylene glycols) in quantity 
sufficient to make a concentration of 0.5 to 1 per cent.*^’®® 
Carbowax acts also as a cosolvent when the free acid is used; 
with the ammonium salt it is unnecessary, and for this reason 
the ammonium salt is recommended as cheaper for general 

* Among the commercial preparations available are Chipman 2, 4D Weedkiller 
(Chipman Chemical Co.); Dandy Kill (Plant Products Corp.); 2, 4 Dow Weed 
Killer (Dow Chemical Co.); du Pont 2, 4-D Weed Killer, du Pont Karmex (E.I. 
diiPont de Nemours & Co., Inc.); Dr. Salsbury's Weed Kill (Dr. Salsbury's Labo- 
ratories); End-0- Weed (Swift & Co.); Koot-an-All (Dmmcliff Co.); Scotts 4X 
(O.M. Scott & Sons Co.) ; Tufor (United States Rubber Go.) ; Weedone, Weedust 
(American Chemical Paint Co.); Weed-No-More (Sherwin Williams Co.). 
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use.^® There is evidence, however, that tiie sticking and wetting 
properties of Carbowax and similar preparations contribute to 
the effectiveness of 2,4-D. Recent experiments®-'*** show that 
2,4-D can be applied effectively in dusts especially if a hygro- 
scopic agent such as Carbowax or glycerin is added. The dust 
method requires higher concentrations of 2,4-D than does the 
spray method; it affords greater risk of damage to surrounding 
vegetation and hence should be used with extreme caution.* 
Hormone weed killers have been applied experimentally in 
the form of aerosols, but this method is not yet available for 
field use. For the treatment of stumps, esters dissolved in ker- 
osene have been used effectively^'* 

Marth and Ivlitchelb^ showed in experiments on narrow-leaf 
plantain (Plantago lanceolata) that two sprayings with rela- 
tivelj" low concentrations of 2,4-D are approximately as effective 
as one spraying with a relatively high concentration. 

FACTORS INFLOENCING EFFECTIVENESS OF SPRAYS 

Temperature. — Confirming previous observations®*--’-’^*^ that 
sprays of 2,4-D are more quickly effective in wai-m weather than 
in late fall and early winter, Martli and Davis'*-'* showed in 1945 
that 2,4-D kills more quickly at relatively liigh tempei-atures. 
The temperature range varies for different plants; apparently, 
killing occurs most quickly at temperatures that are most 
favorable for rapid growth. For example, duckweed {Stellaria 
media) is killed when sprayed at 65°F., whereas lavm pennywort 
{Hydrocotyle rotundifoKa) and heal-all {Prunella, vulgaris) show 
no symptoms after spraying at 65°F. but die -nithin 4 day^s after 
being moved to a temperature of 75 to 80“F. Table 1 shows 
the importance of temperature on the killing effect of 2,4-D on 

* In Louisiana and Texas, where rice fields have been dusted by airplane with 
2,4-D to control weeds, other crops at distances of several miles iutve btam affected 
by dust that has drifted on the wind. Cotton has lieen one of the (‘rops affected 
(distorted foliage, etc,, see Fig. 2, Chap.I), and growers havt‘ been seriously alarmed. 
However, reports at the time this is written indicates that, afftaded phuits make a 
remarkable recoveiy and in at least some cases bloom more profust^y. Long 
term experiments are needed. 

Drifting 2,4-D in dust form -may cause severe injury to garden vegetables and 
ornamental plants at distances of several miles from fields 'being dusted from 
airplanes. 
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early winter cress {Barbarea verm). Similar results have been 
reported for dandeliond* 

Light Intensity. — 2,4-D is more effective when applied in 
sunshine than in shade ; it may fail entirely to kill dense stands 
of poison ii^y or chokeberry in the shade. Recent experiments 
indicate that this is because the hormone moves from the leaves 
to other parts of the plant in association with the carbohydrates 
that are manufactured in the leaves. The same explana- 
tion may account for the fact that plants sprayed in late spring 
and early summer, at the height of their photosjmthetie activity, 
are more susceptible to injury by 2,4-D than they are later in the 
season, when they are usually manufacturing less food. 

Rain. — Rain witlrin a few hours after application markedly 
reduces the effectiveness of 2,4-D if it is applied in an aqueous 
solution, but not if it is applied as an oil spray. For this reason 
Weaver, IMinarik, and Bo 3 'd” suggest the use of oils in regions of 
frequent rainfall. In the preparation of oil spra.vs, tributjd 
phosphate can be used as a cosolvent. 

Age of Plant. — In general, jmung plants are more susceptible 
to injurj;- than older ones.’'* Treatment of soil with 2,4-D maj' 
severelj’- damage the emergent seedlings of species which, when 
older, are resistant to the chemical- In fact, inhibition of 
growth of the primarj’- roots of corn seedlings has been used as a 
method of bio-assaj- of 2,4-D in the soil.®'*'®*^ The po-ssibilitj' of 
eliminating crabgrass from a lawn seems to depend xipon attack- 
ing it at the time of germination. 

EFFECTS ON SUSCEPTIBLE PLANTS 

Hormone weed killers bring about death of the plant bj- 
deranging growth and metabolism. After treatment, a period 
of 2 weeks or more usually elapses before the average weed is 
completely dead. 

When susceptible plants are spraj^ed with 2,4-D or other 
phenoxj'acetic hormones, the first visible responses are distor- 
tions of growth (Fig. 1). These are noticeable throughout the 
entire plant, even though the chemical may have touched only 
the leaves. BeaP'* calls these “telemprpliic” effects. The^’- are 
quite characteristic, and thej’- begin to become evident within a 




of growth and eventual death of narrow-leaved plantain 
{Plantago lanceolata) as a result of spraying with commercial preparation of 2,4-D weed 
killer at the concentration recommended by the manufacturer. A, unsprayed; B, 5 days 
after spraying; C, 2 weeks, D, 3 weeks, and J?, 4 weeks after spraying, (Photograph 
courtesy of Brooklyn Botanic Garden.) 

narrow-leaf plantain (Plantago lanceolata), sow thistle (Sonchics 
arvensis), and shepherd’s purse {Capsella bursapastoris)] become 
light green or yellowish, while leaves of certain other plants 
[e.g., bindweed {Convolvulus arvensis), bean (Phaseolus vulgaris), 
and tomato {Lycopersicon esculentum)] become abnormally dark 
in color. 

Underground parts are strikingly affected. Underground 
buds do not develop into shoots. Boots cease to elongate, and 
become enlarged and deformed by proliferation of tissue and often 
by the development of many short lateral roots; soon the roots 
begin to split and disintegrate. Bindweed {Convolvulus arvensis) 
is killed (Fig. 2) to a depth of at least 14 in. by one spraying with 
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few hours after treatment, although injured plants may remain 
alive for many days and some ultimately recover. 

The first symptoms of injury are usually the bending of 
stems and the deformation of leaves by bending and twisting. 
Growth of stem tips is inhibited and flowers do not open. The 
effect on color of leaves is variable; leaves of some plants le.a.. 
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2, 4-D at a concentration of 1,000 p.p.m.®* These readily 
noticeable changes have been studied in mieroseopic detail.^“’®^''^‘> 
They are associated with chemical changes, including depletion 
of carbohydrates®' and increase in respiration.'^ 


SELECTIVITY 


In general, grasses are resistant to the phenoxyacetic acids, 
whereas most broad-leaved plants are relatively susceptible 
(Fig. 3). One great potential usefulness of hormone weed 

* Hitchcock and Zimmerman, correspondence* 


Fig. 2.--Death and disintegration of underground parts of bindweed (Comohulus 
arvensis) as a result of sjiraying the foliage with commercial preparation of 2, 4-D weed 
killer at the conoentration recommended by the manufacturer. 'A, unsprayed; B, 
spraj^ed. Photograph taken 3 weeks after spraying. (Photograph, courtesy of Srooklyn 
Botauic Garden.) 


Susceptible plants, such as dandelions, that are severely 
injured and generally destroyed by 2,4-D, occasionally reappear 
from underground remnants the following season.* 

Plants that are sprayed at low temperatures may not show 
any effects as long as the low temperature continues, but wlien 
the^ temperature rises the symptoms of injury soon become 
noticeable."'® 
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killers lies in this selectivity of action — the killing of some plants 
while not affecting others to an appreciable degree. To be sure, 
they do not kill weeds alone and leave unharmed all desirable 
plants of field, garden, and lawn, but the growing list of sus- 
ceptible plants includes many of the most troublesome w^eeds of 
lawns and grainfields. 


Grasses. — Because of the selectivity of hormone wned 
killers, it is possible by spraying an established lawn of bluegrass 
or mixed grasses vith 2,4-D, to destroy the dandelions, narrow- 
leaf plantain, and numerous other weeds wMle leaving the grass 
intact, although crabgrass and certain broad-leaved plants may 
not be killed. This result has been achieved in experimental 
plots as shown in Fig. 4 and has been duplicated by many 
investigators. The bluegrass may turn a darker green, but it 
seems to be unharmed, even by repeated sprayings.®’*'^’"'® Cer- 


Fig. 4. — Eradication of lawn weeds by spraying with 2,4-D. A and B, plots with 
heavy infestation cf broad-leaved plantain (Plantago major) in early summer. A, 
unsprayed; B, sprayed with 0.04 per cent 2,4-D on June 25 at the rate of 1 gal. per 
180 sq. ft. Photograph taken August 8. 0 and D, plots with heavy infestation of 

dandelion in early summer; C, unsprayed, D, sprayed with 0.1 per cent 2,4-D (standard 
strength) on July 12 and again on July 19 at the rate of 1 gal. per ISO sq. ft. Photo- 
graph taken August 8. Note the four or five holes marking the position of dandelion 
plants that were killed. {PhotographSj courtesy of ike Boyce Thompson Ijistitute for 
Plant Research,) 
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tain bent grasses (Agrostis spp.) are much less resistant to 
2,4-D than the bluegrasses {Poa spp.).® 

Similar results with grasses have been obtained in England 
in oatfields infested with yellow charlock (Brassica kaber); the 
yellow charlock was completely destroyed by one spraying with 


Fig. 5. — Broad-leaved garden plants such as the tomato are readily killed by 2,4-D. 
A, unsprayed tomato plant; B, 3 weeks after spraying with 2,4-D; C, 3 weeks after 
spraying with TCP. {Photography courtesy of the Boyce Thompson Institute for Plant 
Research.) 


the sodium salt of 2-methyl-4-chlorophenoxyacetic acid at the 
rate of 1 lb. per acre, leaving the oats undamaged.®® 

In both Louisiana and Puerto Rico treatment of weeds 
mthout damage to sugar cane has given promising results.^- 
To control weeds in rice fields in Louisiana and Texas 2,4-D 
is being applied in dust form from airplanes. However, in 
laboratory experiments, rice plants 10 to 12 in. tall have been 
damaged or killed by emulsions of hormones applied to the water 
in which they were growing.^® 

Experimental data on effective hormone control of weeds for 
rice, wheat, and other grains are accumulating, and state experi- 
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ment stations should be consulted for regional recommendations. 
Published information is still inadequate for discussion here. 

Broad-leaved Herbaceous Plants. — Certain broad-leaved 
weeds are slightly resistant to 2,4-D; for example, broadleaf 
plantain {Plantago major) and yarrow {Achillea millefolium). 
Some of the most troublesome weeds of the South are at least 
moderately susceptible to 2,4-D control; examples of these are 
alligator weed {Alternanthera pkiloxeroides)f'^^ mid garlic 
{Allium and water hyacinth {Eichorniacrassipes).^^'*^ 

Practically all broad-leaved garden plants are injured or 
killed by 2,4-D, e.g., tomato (Fig. 5). 

Woody Plants. — In general, woody plants, whether vines, 
shrubs, or trees, are less susceptible to 2,4-D than are herbaceous 
plants. They usually require larger amounts of the hor- 
mone.^'®® Recent experiments indicate that esters* kill woody 
plants more readil}' than do the free acids or the salts. Sprays 
are more effective in killing suckers and stump sprouts than the 
main body of trees."* For woody weeds such as cliokeberry and 
honeysuckle** the concentration should be doubled or tripled, or 
an ester used if it is available. The cut ends of stumps maj' be 
“painted” "with a 2,4-D ester, or the ester dissolved in kerosene. 
Such treatment may not kill a sizable stump, but new suckers 
that arise are readily killed by the usual spray. 

Of the conifers, pines are susceptible, at least in the seedling 
stage,*® whereas juniper is resistant.** 

Poison ivy, a slirubby 13^)6 of wood3’ plant, is moderatel3" 
susceptible to 2,4-D. When growing in full sunlight and if 
treated in warm weather, it may be killed b}^ a single application 
of 2,4-D at about double the standard strength (Fig. 6). Even 
at this high concentration, ver3' thorough drenching is necessar^q 
and a second spraydng after 2 weeks ma}^ be required for effective 
kill. This treatment will not kill underground parts of poison 
ivy growing in the shade. Hormones in ester form promise to 
be more effective in such situations. Thick shrubby stands of 
poison i\w may reappear the season after treatment ; longer term 
experiments are needed to determine whether complete eradica- 
tion of such growth is possible mth 2,4-D. 

* Esteroii 44 (Dow Chemical Co.), Weed-No- ]More (Sherwiii Williaiiis Co.), etc. 



HORMONES AND WEED CONTROL 


227 


Foi killing poison ivy growing under varied conditions, some 

workers recoramend ammonium sulfamate ('‘Ammate”)- This 
chemical is highly effective on poison ivy but kills all vegetation 
with which it comes in contact. 



ViG. 6. Poison-ivy foliage killed with 2,4-D at double the standard strength. 
A, unsprayed; B, sprayed. See text for discussion of poison-ivy eradication. {Photo- 
graphs, courtesy of the Boyce Thompson Institute for Plant Research.) 

Factors Bearing on Selectivity. — It is possible that many 
plants may prove to be like the Irish potato, which is much more 
sensitive to certain of the phenoxyacetic acids than to others.^® 
It is also possible that some of the plants (notably the woody 
plants) in the category of medium sensitivity can be eradicated 
by using higher concentrations or by repeated sprayings. The 
degree of sensitivity depends not only upon the species and the 
compound used, but also upon environmental conditions such as 
temperature and light. 

Recent experiments with isopropyl-N-phenylcarbamate 
(populaidy known as IPPC) suggest that chemicals other than 
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the halogenated pheaoxyacetic acids may prove of practical 
value as herbicides. The selectivity of IPPC is practically 
opposite to that of 2,4-D, in that most grasses are susceptible 
to it whereas most broad-leaved plants are resistant.^’^’®^’®®’®^ 
Because of differences in selectivity or in translocation, such 
substances may be effective where 2,4-D and its relatives are 
useless; or several substances may be used together, for more 
complete herbicidal action. 

EFFECT OF HORMONE RESIDUES IN SOIL 

One of the principal disadvantages of some of the conven- 
tional weed killers, such as petroleum re.sidues and compounds 
of arsenic and boron, is that they persist in the soil in toxic 
quantities, and since they are general plant poisons they may 
render the soil useless for a long time. The question of how the 
phenoxyaeetic acids compare with them in this respect cannot 
be answered fully at present, although in general 2,4-D residues 
disappear from the soil in a few week.s or months. 

The phenoxyaeetic acids or their derivatives that remain 
in the soil after spraying weeds may suppres.s the germination 
or early growth not only of su.sceptible plants, but to a lesser 
degree of plants that when older are relatively resistant, such as 
lawm gras.ses and cereals. Within a few weeks 2,4-D 

leaches from the soil, or if leaching is prevented it becomes 
inactivated.^’^’®®'®® In naturally alkaline soil the toxic effect of 
2,4-D persists longer.®® In arid parts of California 2,4-D has 
been observed to poison the soil for six months or longer. 

For regions of ordinary rainfall, estimates of the time that 
should elapse betw^een soil treatment and replanting vary from 
2 weeks to 2 months, depending upon the species to be planted, 
the soil conditions (less time for warm, moist soil) and probably 
other factors. Both 2-methyl-4-chlorophenoxyacetic acid and 
2,4,5-trichlorophenoxyacetic acid persist in the soil for a longer 
time than 2,4-D.®^ 

If a hormone is used in the ester form, what is left in the soil 
may volatilize sufficiently to injure highly susceptible plants such 
as cotton. For this reason esters are not recommended for use 
in hot, dry climates.®® 
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Killing Weed Seeds. — Persistence of the weed-killing sub- 
stances in soil for a limited time suggests the possibility of 
treating soil with 2,4-D as a means of destroying weed seeds. 
This is especially desirable for soil that is to be used for seedbeds 
or for top dressing, or in manure that is to be used as ferti- 
lizer.^®’®® Extensive field trials on weed seed control are being 
carried on as this book goes to press (cf. Chap. VI, pp. 189, 202). 

Effect on Soil Microbes. — The microorganisms of decay 
seem to be xminhibited by concentrations of the phenoxyacetic 
acids that reach the soil in normal weed-spraying operations. 
Plants that have been killed by the treatments decay quickly, 
and laboratory tests suggest that normal rates of application 
have no important effects on soil microorganisms.^^ No state- 
ment on the long-term effect of high concentrations or repeated 
use of these substances in the soil is justified at present. 

USES FOR HORMONE WEED KILLERS 

La’wns. — ^The most thoroughly tested use of hormone weed 
killers to date is the killing of weeds in lawns. The commercial 
preparations now available will give satisfactory results if direc- 
tions accompanying the package are carefully followed. 

The following points may be noted: 

1. In general, apply 2,4-D when weeds are growing rapidly 
and have a large leaf surface; i.e., on warm, sunny days from 
late spring to early fall. Most commercial preparations give a 
final concentration of 0.1 per cent 2,4-D; this should be applied 
at the rate of 5 gal. per 1,000 sq. ft. 

2. Avoid spraying just before a rain. 

3. Do not spray a new lawn until the grass is about 2 in. high. 

4. After spraying an old lawn, do not reseed bare spots for 
several weeks, and then only after one or more intervening rains. 

5. Spray carefully so that 2,4-D does not touch ornamental 
plants that are susceptible to it. In general, grasses are the only 
desirable plants that are highly resistant. Many ornamental 
plants (including annuals, perennials, and shrubs) are injured 
or killed by concentrations of 2,4-D employed in weed-killing 
sprays (Figs. 7 and 8). Typical examples of plants killed by a 
commercial preparation of 2,4-D are given in Table 2. When 
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spraying is done in the neighborhood of such plants, they should 
be protected from the spray. Most plants in vegetable gardens 
are likewise injured by 2,4-D (Fig. 5) and should be protected 
when near-by lawns are sprayed. 



Fig. 7. — Ornaineiital plants may be injured or killed by 2,4-’D. Note injury or 
death of lower limbs of flowering erabapple tree. Lower limbs of tree were sprayed 
with 2,4-D the previous autumn to control infestation of bimhveed. Injury to tree 
was not apparent until growth started the following spring; iniiired portion of tree did 
not recover in the ensuing growing season. {Photograph, cow'ksy of Brooklyn Botanic 
Garden,) 

6. Do not use 2,4-D on golf greens or other turf areas con- 
sisting largely or entirely of bent grasses. 

7. Weeds grovdng in shaded lawns may require higher con- 
centrations of 2,4-D, or repeated spraying. 

8. Do. not expect the weeds to be killed in less than 2 or 
3 weeks, although initial injury may be evident within a day or 
two. 

9. Application of 2,4-D in dust form, whether alone or in 
combination with a fertilizer as in some commercial preparations, 
should be made with extreme care in order to avoid drifting of 
dust to vegetable and flower gardens. 

Caution; Either keep a special sprayer for use with 2,4-D 
only, or rinse the sprayer, hose, and nozzle with three successive 
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changes of warm water after each use with 2,4-D, The use of 
unrinsed or insufficiently cleansed sprayers may cause injury to 
plants sprayed later with fungicides or insecticides. 



8. — Close-up of branches of flowering crabapple tree shown in Fig. 7. A, 
branch from sprayed portion of tree showing abnormally small leaves and flowers, and 
B, branch from imsprayed part showing no injury. {Photograph, courtesy of Brooklyn 
Botanic garde?i.) 

other Uses. — In addition to its usefulness in eradicating lawn 
weeds, 2,4-D is bringing substantial advances in a number of 
other weed-control problems. Perhaps the most important and 
most striking of these is in eradicating weeds detrimental to 
health — notably ragweed and poison ivy. Ragweed is readily 
killed by 2,4-D if sprayed at any stage of growth. It should be 
pointed out that, for relief of hay-fever sufferers, the shedding of 
ragweed pollen can be prevented by spraying at any time up to 
the flower-bud stage.'®’®®’^®’^'^’®® 

2,4-D makes it feasible to rid clogged streams of water 
hyacinth and to return to a grass dominance range land which, 
because of overgrazing, has been shifted to other plants.®^ 

Eradication of dense growth of woody plants poses a difficult 
problem, and is of importance in maintaining rights of way for 
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power lines and fire lanes; 2,4-D has proved effective for these 
purposes.^ It may also prove useful in controlHng weeds along 
roadsides and railroad rights of way. In such weed-control 
work it must be remembered that 2j4-D sprays or dusts may 
drift in the wind and injure crops growing in adjacent fields. 


Table 2.— Partial List of Ornaxiextal- Plants Killed by Application of 


Herbappous aiiiiiials 
and perennials 

T\\m-3'ear-old shrubs 
and seedlings 

Three- Older or 

year-old specimen 
evergreens shrubs 

Iris (dwarf yellow 1 

Forsythia ovafa 

Picea can- Celastrus 

Delph miu m gra n d ifloru m 

Forsythia siispensa 

adensis scandms 

Rhubarb 

Forsythia spectabilis 

J uniperus Ampelopsis 

Coreopsis 

Forsythia fortimei 

hibvrnica veiichi 

Gaillardia 

Rosa multi flora 

Weigela 

P.vretliruTii 

Tamar lx africana 

trifuia 

'Gypsophila Bristol Fairy 

Symphoricarpos vidgaris 

E.oaa 

Ggpsopkila pamcidata com- \ 

Symphorwarpos racemosus \ 

midiiflora 

pacta 

Lonicera hcckrotli 


Dianthm barbatus (Sweet 

Imnicera tatarica 


William) 

1 V id gela amahilis 


Dinnihus pin inarins 

Hydrangea paniculata 


Heliopsis patnki 

grandiflora 

i 

Lathyrus 

Cydonia japonica 


Althaea remn 

j Primus glandiilosa 


Linmn pererme 

Althaea officinalis 


Verbena hybrlda (Blue Bo3'') 

[ Cornus stolonifera 

i 

Flatycodon grandifionim 

Berberis vidgaris 


Dicentra eximia 



Beilis peramiis 



Artemisia motitana (Silver 


j 

King) 



Ahjssum saxaiile mmpacium 



Beduni acre 



Salvia oflcinaL's (sage) 



Thymus vulgaris (thyme) 



AUium schoenoprasum 



(chives) 

i 



2,4-D also has possibilities for cleaning forest land.s after 
cutting, so as to control succession; for example, in the Southeast 
for removing hardwoods when replacement of pine with pine is 
desired. 
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EVALUATION AND SUMMARY 

Certain synthetic plant hormones give promise of revolu- 
tionizing the field of chemical weed control. Some of the 
phenoxyacetic acids — notably the one commonly known as 
2,4-D seem to be especially well adapted for weed killing. 
They are effective at the rate of 1 to 2 lb. per acre when applied 
in an aqueous or oil spray or at somewhat higher rates when 
applied in a dust carrier. For maximum effectiveness they 
should be applied on a sunny day in warm weather, when the 
weeds are growing vigorously, and when rain within 24 hours is 
unlikely. These substances, applied to the leaves and stems 
of a plant, travel throughout the tissues and generally kill the 
roots as effectively as they do the tops. 

In general, broad-leaved plants are relatively susceptible to 
hormone weed killers, whereas cereals and other grasses are 
relatively resistant. This selectivity adapts the substances 
particularly well to use on such crops as oats, wheat, rice, and 
sugar cane, as well as on bluegrass or mixed-grass lawns that 
are infested with dandelion, narrow-leaf plantain, and certain 
other weeds. 

From the standpoint of control of large expanses of noxious 
weeds, the need is for inexpensive treatments and reliability of 
results. Ragweed and water hyacinth are two cases in point. 
Both of these pests can now be controlled : ragweed with 2,4-D 
alone, water hyacinth by using 2,4-D in combination with 
indolebutyric acid. Since the hormone weed killers are effective 
in very low concentrations, they are relatively inexpensive. 
Large areas can now be treated at a cost (for materials) of about 
$1 an acre for herbaceous plants, somewhat more for woody 
plants. Killing weed seeds in the soil is a promising new 
development still in the experimental stage. 

Hormone weed killers are noninflammable, noncorrosive, and 
harmless to man and beast in the concentrations used.® They 
should be used with reasonable caution until their long-term 
effect on the soil can be established. Sprayed areas cannot 
safely be planted with susceptible plants for at least 2 months. 

Experimental results indicate that combinations of 2,4-D 
with fertilizers or with fungicides may prove feasible.^®’®” 
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The future holds great promise for the use of certain synthetic 
plant hormones as a means of weed control. 
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CHAPTER IX 


BREAKING DORMANCY WITH CHEMICALS 

It has long been loiown that the buds of many kinds of 
plants are dormant for some weeks or months after their period 
of active growth. Whether the bud is an "eye” of the potato 
or a bud of the lilac, its growth does not continue with 
equal intensit}^ throughout the year, even though temperature 
and other factors remain favorable. Buds of most deciduous 
trees, for example, are dormant for several months in the late 
summer, autumn, and winter, after the cessation of the spring 
and early summer growth. This rest period apparently is 
brought on by chemical changes within the bud, probably the 
accumulation of chemical substances t hat slow down metabolism 
and inhibit growth. It is the buds that are dormant, rather than 
entire plants.®^ In most species of plants in temperate climates, 
buds cannot be induced to break dormancy, once it has set in, 
merely by giving the plant favorable growing conditions. The 
dormant periods last for varying lengths of time according to the 
kind of plant. In nature a few weeks or months of cold weather 
usually serve to break the rest period. Breaking dormancy in 
certain plants, then, is an example of a chemical reaction that 
requires cold to hasten it.^* 

In mild climates, one of the problems of the horticulturist is 
to assure the breaking of bud dormancy in the absence of ade- 
quate cold weather. It is such a problem that faces the peach 
grower in the southern parts of California and Georgia,* and the 
potato grower in climates that have a growing season long 
enough for two crops, i.e., where a second crop can be grown 
immediately upon the harvest of the first. 

One of the important advances in the practice of growth 

*Ii3. some sections, the delay, in blooming due to slightly inaclequate' chilling 
has the .advantage of holding back blooming until danger of frost has passed 
(W.H. Chandler, Correspondence).: See Chap. X, p. 272. 

23S 


BREAKING DORMANCY WITH CHEMICALS 


239 


control has been the discovery of a considerable number of 
chemical compounds that can be employed to break the rest 
period characteristic of buds of many kinds of plants. The rest 
periods of certain seeds also yield to chemical treatment. 

HISTORICAL 

The use of chemical treatments to break the dormant period 
of plants began with the pioneer work of Johannsen at the turn 
of the century. He first reported success in forcing willow and 
bulbous plants with ether or chloroform and later found that 
lilac also responded with a 3 to 6 weeks’ shortening of the rest 
period. 

Other early investigators, Stuart®^ and Jesenko,^^ added to 
the number of plants known to be responsive to chemical treat- 
ment. Stuart,®^ in addition to verifying Johannsen’s work with 
lilac, found that lily-of-the-valley pips broke dormancy when 
treated with ethyl bromide and ethyl iodide. Jesenko applied 
alcohol and ether to the buds of maple, poplar, and other woody 
plants with resulting earlier opening of buds. He concluded 
that the chemicals act as a stimulus and initiate in the buds 
certain chemical processes that favor growth. 

MeCallum,®’^ recognizing that a method for breaking dor- 
mancy in potatoes had practical promise, discovered that several 
substances, including ethyl bromide, ethylene chloride, ammonia, 
and carbon tetrachloride, effectively break dormancy in the 
tubers. 

Appleman,^ confirming McCallum’s exploratory work on 
breaking the dormancy of potato tubers, treated cut portions of 
dormant tubers with ethyl bromide for 2, 4, 5, 10, and 20 
minutes. The 5-minute treatment induced sprouting some 
5 weeks before the untreated tubers. Several of the treatments 
induced sprouting (100 per cent) 3 weeks before the controls, 
as did treatment of whole tubers. Appleman also reported that 
the rest period of thin-skinned new potatoes could be shortened 
by wTapping them in cotton saturated with hydrogen peroxide^ — 
an interesting but hardly practical procedure. 

Rosa®® found that the sprouting of dormant potato tubers 
could be hastened and that the percentage germinating within 
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a limited period could be increased by dipping cut seed pieces in 
a solution of sodium nitrate. He later” employed ethylene 
with moderate success. 

The extensive dormancy-breaking studies on potato carried 
out by Denny were first reported in 1926, when 224 different 
chemicals were tested for their capacity to shorten the rest 
period. From this point on, the problem of breaking the 
period of dormancy by chemical treatment "was no longer in its 
exploratory phase. 

MATERIALS AND PROCEDURES FOR SHORTENING (BREAKING) 
THE REST PERIOD OF BUDS 

Breaking dormancy in freshly harvested potatoes to make 
them immediately available for seed presents a practical problem 
quite different from that of breaking dormancy in a peach 
orchard where the winter w-eather has not been cold enough 
for the normal breaking of dormancy, i.e., for the buds to open 
normally in the spring. The potatoes may be dipped, soaked, 
or treated with vapors of appropriate dormancy-breaking chemi- 
cals, whereas none of these methods is suitable for the orchard. 
Dusts may in tlie future provide a more or less universal method 
of application; meanwhile, the methods already available have 
a number of uses. 

Potatoes. — The potato tuber is a short, thick stem. Its 
“eyes” are nodes, arranged in a spiral which is readily visible 
if viewed from the growing end of the potato. At each eye are 
several embryonic buds. Usually, when a potato sprouts, only 
one bud develops at an eye, and this inhibits the growth of 
the others. If the developing bud is removed, one of the remain- 
ing buds will sprout. A growing bud at the apical eye of a tuber 
inhibits sprouting of buds at other eyes. 

Procedures for shortening the rest period of the potato tuber 
from its usual 2 or more months’ duration involve the control of 
bud growth at the potato eyes (where dormancy is apparently 
localized^®)^. The methods of treatment given below apply to 
freshly harvested tubers (up to 1 month after harvest). 
Treatment of freshly harvested tubers shortens the rest period 
by about 2 months. 
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Dip Method . — Ethylene chlorohydrin (40 per cent com- 
mercial) is recommended for this procedure (Eig. 1). The 
effective concentration depends upon the variety ; in general it 
ranges between 30 and 60 ml. ethylene chlorohydrin diluted to a 
liter with water. The potatoes should be cut into seed pieces of 


Fig. 1. — Breaking dormancy of freshly harvested potatoes {Solarium tuberosum var. 
Bliss Triumph) ; potatoes brought into the greenhouse Oct. 15, photographs taken 
several weeks later. A, treated with ethylene chlorohydrin, dip method, 40 ml. ethylene 
chlorohydrin per liter of water. B, not treated. Denny. {Photography courtesy of 
Boyce Thompson Institute for Plant Research.) 


about 1 oz. each, dipped into the chlorohydrin solution,* and 
stored in a closed container for 24 hours. Such treatment 
results in prompt sprouting, and the plants should appear above 
ground in about 2 weeks. 

The temperature at which tubers are stored after chemical 
treatment may influence the outcome. Denny^® found that 


^Precaution: Ethylene chlorohydrin should be handled with caution. It 
should not be allowed to come in contact with the skin, and clothing on which the 
chemical has spilled should be removed at once. When using it as a vapor, one 
should avoid breathing it. The room in 'which the vapors are confined should he 
aired thoroughly before anyone enters to remove the tubers. 
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dormancy is more successfully broken in Bliss Triumph potatoes 
when cut tubers that have been dipped in ethylene chlorohydrin 
are stored 24 hours at 68 to 90°F. than if stored at other 
temperatures. 

Soak Method . — solution of sodium, potassium, or ammo- 
nium thiocyanate is effective if the tubers are not too dormant. 
Soak cut seed pieces for one hour in a 1 per cent solution and 
plant at once without rinsing.^® Treated tubers germinate 
readily (100 per cent) after soaking at temperatures from 59 to 
86°F. 

Vapor Method . — ^Ethylene chlorohydrin is recommended for 
all vapor treatments. If large numbers of tubers are to be 
treated, it is best to have a tightly closed room for a “gassing 
chamber.” Shelves to hold potatoes should have vire screen 
bottoms to allow circulation, and an electric fan should be used 
to stir the air. Use 1 ml. of ethylene chlorohydrin per pound of 
tubers. To facilitate evaporation, the chemical may be soaked 
up on cheesecloth or burlap. Potatoes should remain for 4 days 
in the tightly closed gassing chamber at a temperature of 68 to 
75°F. Then allow the treated tubers to stand in the air for a 
day or two, cut into seed pieces, and plant. Potatoes should be 
whole, rather than cut, at the time of vapor treatment. 

If a small lot of potatoes is to be treated by tlie vapor method, 
Denny®® suggests using 2-gal. glazed-earthenware jars. 

Weigh out enough, whole tubers to nearly fill the jar — approximately seven 
to eight pounds. Crumple a paper towel and put it on the tubers. Tear off a 
piece of cheesecloth and add to it enough of the 38 to 40 per cent ethylene 
chlorohydrin solution to equal 1 ml. for each pound of tubers to be treated. 
Adjust the size of the cheesecloth so that there will be no dripping. For an 
eight-pound tuber sample, a suitable cheesecloth size is 10 inches square. 
Spread the cheesecloth loosely on top of the paper towel and seal the jar. 
A .glazed earthenware saucer corresponding to the size of the jar may be used 
as a cover, or if more than one jar of tube.rs is to be treated the bottom of the 
second jar may be used to. cover the first jar, etc., forming a stack two or three 
jars high. Seal between the jar and the cover, or between jar and jar with 
modeling. clay. Tiie duration of the treatment should be four days and the 
temperature should .not be under 2(FC. (68®F.) nor over 24®C. (75®F.). At 
the end. of the four-day t,reatment, do not plant' at once, but remove the treated 
tubal's' and place them in a .paper or burlap bag; let them stand in .the bags at 
rooiiidempe.Fature for one week, then -cut 'into pieces and plant. The early 
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stages of germination are proceeding during these days of storage and by the 
end of a week sprouts will be visible. 

Combined Treatment. — ^For varieties such as Irish Cobbler or 
Rural or for small and immature tubers of any variety, a com- 
bined treatment is advisable, though not always necessary. 
Following the 24-hour storage in the dip method, the cut tubers 
should be soaked in a 1 per cent solution of sodium thiocyanate 
for 1 hour and then planted. The vapor method for whole 
tubers can be supplemented with a dip method as follows: At the 
end of the storage period after exposure, the tubers should be 
cut into seed pieces and treated as in the dip method described 
above. 

Other Chemicals Known to Break Dormancy. — ^The follow- 
ing chemicals have been shown to break dormancy in potato: 
ethylene dichloride, ethyl bromide, carbon bisulfide, trichloro- 
ethylene, ethyl iodide, o-tolyl-thiourea, ammonium dithiocarba- 
mate, thiosemicarbazide, hydrogen sulfide, ethyl mercaptan, 
thioglycol, sodium azido-dithiocarbonate, methyl disulfide, potas- 
sium sulfocarbonate, and several dithiocarbamic acid deriva- 
tives. Thioacetamide retards sprouting of nondormant 

tubers, but breaks dormancy in freshly harvested tubers.^® The 
hormone indoleacetic acid at extremely low concentrations has 
been found to reduce the dormancy period of freshly harvested 
tubers by as much as 6 days, as compared with'a 36-day reduc- 
tion for ethylene chlorohydrin.®^ A substance believed to be 
ethylene thiocyanohydrin is a dormancy breaker also, as is 
ethyl carbylamine.®® 

Multiple Bud Development with Thiourea. — Thiourea, another 
dormancy-breaking chemical, is unique because it induces 
several buds to grow at each eye (Fig. 2).^^ It also arrests the 
tendency for apical buds to be dominant, z.e., after treatment, 
buds appear in profusion from numerous eyes of the potato, 
without regard to their location on the tuber. Not all buds that 
sprout in response to thiourea treatment, however, continue to 
grow. 

The procedure for treatment is to cut freshly harvested 
tubers into seed pieces, soak for 1 hour in a 2 per cent water 
solution of thiourea, then rinse in tap water, and plant. If the 
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tubers are nearly over their normal rest period, t.e., have been 
stored for several weeks after harvest, soak the pieces for 1 hour- 
in a 1 per cent solution of thiourea d"* 


I’la. 2,--.Miil(iplo HlJroiiiini* nf iwitiito (u!km> {S,>lnhhin tuhomum viir, Kurly Ohio) 

after ti’tpatnwnt with .4, H ,!Hit Ihiiiiy,***' ii*h(}iGgmph^ 

c&urtmu of Thnmpmm In-$iiiult' Pintd iBmmc.hp 

Gladiolus. — The gladiolus l)ull> is actually a conn, a short, 
enlarged, underground stcTU, which grows vertically. In most 
varieties, a dormancy pc'riod of 0 or 7 months .sets in after 
flowering, thus curbing the florists’ .supply of winter blooms. 
Southern growers suffer also in that tliey are unable to use 
Northern gladiolus bulks immediately after harvest. A search 
to remedy the situation ha.s licen under wa}' .since 1!>27, chiefly 
at the Boyce Thompson In.stitute. It has n'.^ulied in the dis- 
covery that cliemical treatment can be used to break dormancy 
and ha.sten flowering. 

Varieiin Siircensfullu forced. Of llic many gladiolu.s varie- 
tie.s, donmincy has been broken by chcjuical treatment in the 
following: 

Alice Tiplady Mrs. Frank Pendfctati .S.-iirli‘t Princeps 

Dr. Bennett Mrs. Leon Dtmgla.s .Si'innitu 
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Halley Mrs. T. C. Peters Souvenir 

Maiden’s Blush Odin 

Minuet Hemembranee 

The success "with which dormancy can be broken in gladiolus 
depends upon the variety. Remembrance, Mrs. T. C. Peters, 
Odin, and Dr. Bennett, for example, yield less readily to chemi- 
cal treatment than the others. 

Chemicals Employed . — ^The chemicals employed so far in 
breaking dormancy of gladiolus are chloroform,®® ethylene, 
propylene,®® ether, ®®’^^ and ethylene chlorohydrin.^®’^® Ethy- 
lene chlorohydrin has been used most extensively and is the 
only substance that is consistently effective. 

Methods of Treatment . — Dormancy may be broken in gladio- 
lus by either solution or vapor treatment of the corms ; the latter 
is the more general practice. Gladiolus corms, whose dormancy 
is prolonged more or less indefinitely by storing in moist soil at 
temperatures of 20 to 27°C., will germinate and bloom promptly 
when treated with ethylene chlorohydrin.^® In this way corms 
may be held for a late crop and brought into bloom at the time 
desired. 

Although no standard treatment has yet been developed for 
corms, the following is successful: Freshly harvested corms 
should be dried for 10 to 12 days and then placed in a closed 
container with ethylene chlorohydrin (40 per cent) at the rate 
of 3.3 ml. per kg. of corms. The gassing chamber should be 
kept at a temperature of 70 to 75°F. for 4 days.* Corms may 
then be removed and planted. Treatment hastens germination 
of corms up to several months over that of the untreated, depend- 
ing upon variety.®® 

Denny®® recommends the following method for breaking 
dormancy in cormelsrf After harvest, and/or over winter, store 
cormels (with husks attached) at 41 to 50*F. Ten to twenty 
days before planting date, expose cormels to ethylene chloro- 
hydrin in closed containers at room temperature. Use 1 ml. 
of chlorohydrin (40 per cent) for each 75 g. cormels, or 7 drops 

* Dennyj correspondence. ■ 

t Small, hard-shelled structures, sometimes called /^buiblets^’ arising from the 
mother corm. When a cormel germinates, it loses its hard shell or husk and 
becomes a corm on further growth. 
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per ounce. Place the chlorohydrin on cheesecloth (to prevent 
dripping) and this on paper toweling at the top of container. The 
cormels should remain in the container in the presence of the 
chlorohydrin vapor for 4 days, then be removed and let stand in 
the air at room temperature for 1 to 2 weeks before planting. 
The extent of hastening germination was greater when cormels 
were not treated immediately after harvest, but at somewhat 
later periods, e.g., in November for the varieties Souvenir and 
Remembrance, and in December or January for Alice Tiplady. 

Table L — Effect of Ethylene Chlsoeohydein Tkeatment upon Yield 
(Weight) in Different Varieties o.f G-ladiolus* 

Per Cent Increase in 
Yield over ITiitreated 


Variety 

Senorita . 900 

IMiimct 200-300 

Salmon Star 200-800 

Laiiginiig W'atiT 300-400 

Giant Nyinpli 100-200 

Souvenir None 

Alif^e ''ripliuiy None 


^ Diitii Beieeti'd from the work of I’.E. 

The increase in }held of corm.s from germinating cormels as a 
result of etlndeue chlorohydrin treatment differs with the variety 
(Table 1). 

Effect of Temperature . — A combination of temperature 
control and chemical treatment has been found to hasten the 
germination of corms. Both high- and low-temperature treat- 
ments have been reported to be effective.^^’^®’^® Cold treat- 
ment (storage at 40°F. for 2 to 3 weeks after harvest) plus 
chemical treatment of such notoriously dormant varieties as 
Mrs. T.C. Peters, Odin, and Dr. Bennett, produced gains of 10 
days to 4 months in germination time.^^ Germination was 
increased from 50 to 100 per cent. 

Effect of Time of Treatment . — Denny and Miller®^ found that 
the reduction in germination time by the use of chemicals is 
greater as the corm becomes less dormant. Ethylene chloro- 
hydrin treatments, for example, applied later in the season, 
were more effective than when applied immediately after har- 
vest. Response to cold treatment also was more marked when 
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the corms had been stored at room temperature in soil, after 
harvest, for a period of 9 to 13 months before being exposed to 
low temperatures.^^ 

Multiple Sprouting . — A further effect of ethylene chloro- 
hydrin treatment, besides shortening the dormant period and 
increasing the percentage germination, is to cause multiple 
sprouting of corms (Fig. 3), an advantage in the propagation of 
varieties that have sparse bulblet formation. 


Fig. 3. — Multiple sprouting of gladiolus corms (Gladiolus hortulanus var. Alice 
Tiplady) as a result of treatment with ethylene chlorohydrin to break dormancy, 
Corms treated with 3 ml. ethylene chlorohydrin per liter of air space for 3 days. On 
corms sprouting without treatment (not shown) , only one to three buds grow per corm. 
Denny. 21 {Photography courtesy of Boyce Thompson Institute for Plant Research.) 


Jerusalem Artichoke. — The dormancy of Jerusalem artichoke 
tubers has also yielded to chemical treatment.®^ Several 
substances were found effective, as shown in Table 2. Numer- 
ous other treatments were tried and found to be injurious or 
ineffective. The Chicago and Waterer varieties were more 
susceptible to injury from treatments than were the White 
Improved and Tait varieties. 

Fruit Trees. — The fruitgrower is faced with certain dormancy 
problems that chemical treatment may solve. For example, 
flower buds of fruit trees in mild climates often remain 
dormant because of insuflScient cold weather, thus making 
desirable treatments that hasten the onset of flowering and speed 
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the maturing of fruit. Warm winters retard fruit crops in the 
Southern United States (peaches), Palestine (apples, plums, and 
pears), and in South Africa (peaches and plums). 

Table 2. — Chemical Teeat.ments that Shohtiln the Dohmaxt the 

Jebusalem Ahtichokf/^ 

Treatments were carried out at room temperaiurej and tlw tubers piaiited 

immediaiely. 


Cliemieal 

ConiTMitration 

of , trefitment 

Rest period 
shortened by 

Ethvl alcohol 



20% 

Soaked 1 hr., tlicui 

60-135 days 


ex|msed to vapor 24 

hr. 



Thiourea ' 

: 5% 

.Soaked, 2 hr. 

; -1 5-105 days 

.Ethylene chlorohydrin J 

1 2% 

I'>i]>ped. tlicn exposed 
to vapor 24 hr. 

30-120 davs 

i 

Carbon disulfide 

1 

: 1:35,000 

i 

i Expos<‘d to \’a.por 24 
' hr. 

15-150 days 


Chemicals Used.—Orehard investigations along these lines 
have been in progress for 35 year.s or moit*. The first years saw 
such substances as aeetjdene, inorganic .salts, linseed and seal 
oils, and organic acids being used to hasten the opening of buds. 
Recent treatments have employed the following chemicals: 
ethylene, glutathione, thiosulfate, tryptopliane, indoleacetic 
acid, naphthaleneacetic acid, mineral oil, and such commercial 
preparations as DNO (dinitro-o-cyclohexyl phenol, available 
as Dow Dry Mix No. 1), dinitro-cresol (available as Dow Dry 
Mix No. 2; the sodium salt is marketed as Elgetol), and Vapo- 
Elgetol. Thiocresol, chloro-o-phenylphenol, a-nitronaphtha- 
lene, and2,4-dichlorophenoxyacetic acid (2,4-D) have been tested 
also. 

Method Employed . — The method generally employed, whei- 
ever early dormancy breaking is desired, involves spraying the 
active agent in solution in a carrier such as acetone and water 
or in an oil emulsion. The oil emulsion is used becau.se of its 
adhesiveness. Weinberger®* used DNO (dinitro-o-cyclobexyl 
phenol) and dinitrophenol sprays with fair success for breaking 
the rest period in peach trees. The latter was not so stimulating 
as the former, but in contrast to DNO, it gave no twig injury. 
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The potassium salt of DNO is reported to give markedly less 
twig injury than the straight DNO. The following method was 
employed in Georgia for breaking the rest period in Hiley, 
Elberta, and Early Rose varieties of peaches:®® DNO (potassium 
salt) was dissolved in a 3 per cent oil-goulac emulsion so as to 
give a final concentration of 0.06 per cent DNO. This was 
applied as a dormant spray between January 4 and February 
7. Date of application is very important, and optimal dates 
vary with variety, latitude, and severity of the winter. 



Fig. 4. — Shortening the dormant period of pecan trees (Carya Pecan var. Burkett) by 
spraying with DNO, A, not sprayed; buds opened about Mar. 20. B, sprayed four 
times (Feb. 1, 13, 24, and Mar. 7) with DNO at a concentration of 0.12 per cent in 3 per 
cent oil spray. Buds opened about Mar. 7. {Photographs, courtesy of C.W. VanHorn,) 

Other methods for applying dormancy-breaking chemicals 
have been devised for experimental purposes but are not applica- 
ble to orchard use, e.g., stem tips were cut off, and an autolyzed 
yeast solution allowed to pass into the decapitated tips.® 
This shortened the dormant period somewhat. Glutathione 
introduced into the twig in the same way also hastens bud 
break. ® A yeast extract was more active than glutathione. ^ ® 
Ethylene was successfully applied to walnut and peach trees 
by releasing it under a tent placed over the trees.®® 

Results . — In all, nine kinds of fruit and nut trees have been 
reported to have had their period of dormancy shortened by 
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chemical treatment: apple, apricot, chen-y, nectarine, peach, 
pear, pecan (Fig. 4), plum, and walnut. In six of these, data are 
available on the extent to which the dormant period can be 
shortened (Table 3). 


Table 3. — Chemical Tbeatmentb that Shorten the .Dormant Period op 
Certain Fruit and Nut Trees 

Unless otherwise indicated, trefitmentB were carried out t,.iiKler field co.nditioiis. 


Kind of 
tree 

Compound 

used 

iVIethod of 
applieatioii 

Concen- 

tration 

.. . 

Rest period 
shortened by 

Refer- 

ence 

Apple ..... 

Dinitrocresol 

4% oil .spray 

0.06% 

2-21 days 

58 

Apricot .... 

DXO* (dini- 

2% oil spray 

0.06% 

20-30 days 

11 


tro-o~cyelo- 






hexyl phe- 






nol) 






AfiKeible oils 



iS— 2tl da vs 

42 

Cl'ierrv .... 

Paraffin oil 



3-6 ciavs 

10 

Peach' 

DNO (potas- 

Z% oil-goulac 

0.06% 

2-7 days 

68 


sill IT! salt) 

e m ii ! s i 0 n 





Glutat'Inone 

spray 

‘'injection ” 

5 mg. per ml. 

20 days (leaf) 

38 



(laboratory 






method) 





Naphtha.lone- , 

Applied 3 

IfM) and 'M)i) 

2 “3 days 

53t 


acetic acid 

times in wa- 

mg. per I. i 





ter solution 





C] h 1 0 r 0 - 0 - 

Spray 

1% in light 1 

More than 4 

^ m 


phenylphe- 


pet roleu m 

rm\ over nn- 



nol ^ 


oil-Penetrol 

spraycd con- 





emulhion 

trols in green- 






house 


Pear i 

IMiscible oils i 



’ 5-20 days 

42 

.Pecan : 

DNO=' 

Applied 4 

0.12% 

.About 2 we(‘ks 

66 



times 3% oil 






spray 





* Cheniicai Abstracts lists this compoiiiKi a.s 2-cyclohexyl-4,6-cii,iutrophenol, but it is also desig- 
nated a.s 2,4-dinitrO“0-C‘yclohexyl phenol and.2,4-dhiit.ro-6-cyclohex.vl phenol by ^'aFioiis workers, 
t Results not decisive. 


Actual acceleration of fruit ripening, a desirable result of 
hastening bud-break, has been reported in five cases; apples,^^'-’® 
apricot,^ peach, pear,” plum.'*®'” 

Chemicals Replace Cold Treatment . — Breaking dormancy of 
flower buds by chemical treatment is a partial means of substitu- 
ting for the exposure to cold that occurs under natural condi- 
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tions.* The practice of taking cut stems of ornamental shrubs 
and trees indoors for forcing in the late winter or very early 
spring has made it common knowledge that plants generally 
need a certain exposure to cold before their dormancy can be 
broken ; in general, the longer the exposure to cold is continued, 
the shorter the time required for forcing. Overwintering in the 
greenhouse has been found to retard the opening of buds of 
many different kinds of plants much beyond that of plants 
overwintered outdoors. Among these are blueberry, grouse- 
berry, tamarack, and wild crabapple.^® 


Table 4. — Appkoximate Number op Hours op Cold Necessary to Break Bud 
Dormancy in Fruit Trees, etc. Selected Data 


Kind of plant 

Hours below 45®F. 

Place 

! 

Reference 

Almond ' 

500 

California 

' Calc, from 11 

Apple (most varieties) 

1,440+ 

California 

: Calc, from 11 

Blueberry varieties: 




Rubei 

800 

Maryland 

13 

Rancocas, Wareham, etc 

950 

Maryland 

13 

Cabot, Concord, Stanley, etc . . 

1,060 

Maryland 

13 

Jersey 

1,060+ 

Maryland 

13 

Cherry, var. English Morello .... 

1,440 

California 

Calc, from 11 

Grape, eastern bunch 

200 

Maryland 

50 

Hazelnut, var. Barcelona I 

1,440 

California 

Calc, from 11 

Peach varieties: 




Dr. Burton 

1,000 

Texas 

69 

Elberta,* Hiley, Mayflower,' 




Early Rose, and Uneeda 

1,000 

Georgia 

68 


^ Reporting on Elberta peaches in Texas, Yarnell®* states that in three different parts of the 
state the cold periods required were 400, 800, and 1,200 hours, respectively. Similar wide varia- 
tions were noted for the variety Honey. 


The approximate number of hours of exposure to cold (below 
45°F.) necessary to break dormancy in several woody plants is 
presented in Table 4. 

Weinberger®® found by spra 3 dng peaches after various 
exposures to temperatures below 45°F. that chemical treatment 
replaces a period of 200 to 400 hours of cold, t 

* It should be pointed out that chemical treatments for breaking dormancy are 
of no use under field conditions in regions where winters are cold enough and long 
enough to break the rest period of hardy deciduous plants. 

t Results at Riverside, Calif., have not been so clear cut. W.H. Chandler 
(correspondence) writes as follows: ^Hf the spray is given before the rest period is 
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Not only does insufficient exposure to cold delay the subse- 
quent opening of buds, but the buds open irregularly and slowly, 
the leaves that finally do open are smaller and less vigorous than 
norn\al, and flowers often fall without setting fruit . Dormancy- 
breaking sprays counteract these abnormalities. Spraying 
certain varieties of pecans growing in parts of Arizona that have 
inadequate cold weather results in a greater uniformity in the 
opening of buds, larger leaves, an increase in the rate and amount 
of shoot growth, and a greater yield of fruits as compared to 
untreated controls.®®'®^ Similar results are obtained with 
apples®'®® and pears.® 

Other Trees and Shrubs. — Forcing ornamental plants 
into earlier bloom is of both economic and aesthetic value. The 
commercial flower grower wants to break the dormant period in 
order to have a continual supply of marketable Idossoms; the 
home gardener would like some color to relie\'e tlie monotony 
of winter greens and browns. Maple leaves liave been forced in 
order to obtain material to use in the investigation of a maple- 
leaf disease.®® 

Types of Material . — Intact plants and detached branches are 
the usual experimental materials used in attempts to hasten 
flow’ering. Forcing intact plants is more practical for the 
commercial grow’er than for the layman since a larger space is 
required. Dormancy is more difficult to break in certain 
species than in others. For this reason, success in forcing 
depends upon several factors: the species selected, the chemicals 
used, the length of exposure, and the time at which the treat- 
ment is made. Lily of the v^alley, for example, will blossom 12 
days after being exposed to hydrogen cyanide (1 per cent) for 
1 hour,®® while sugar maple required a 5-day exposure to ethy- 


near enoiigli to being broken, it' is very slightly effective, if at all. Tlie degree to 
wbicb the rest period is broken cannot be determined accurately by the number of 
hours below 45®F. or by any other temperature measure that has been published. 
Much depends upon the growth in the summer preceding and tlie nature of i.he 
autumn. We have not been ..able, therefore, to time our spraying accurately from 
year to year. ' Kinds and varieties with a shorter chilling requirement must be 
sprayed earlier than those with a longer, and some of those, such as the Climax 
plum and som,e varieties of apples and cherries, showed little or no response to 
.spraying. at any, time.” 
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lene chlorohydrin to be partly leafed out 2 months later. 
Detached branches and intact plants apparently respond to 
dormancy-breaking treatments at about the same rate.^® 

Methods Used . — Injection of branches with chemicals and 
exposing them to vapors are the two most commonly used 
methods. From the standpoint of convenience, the latter 
method is superior. Stanton and Denny®** suggest the follownng 
vapor treatment: 

ExfKise the plant to ethylene chlorohydrin vapor in a closed chamber, 
preferably of galvanized iron, for 48 hours [1 pint ethylene chlorohydrin (40 
per cent) per 150 cubic feet of chamber]. Treatment is more successful 
between Nov. 15 and Dec. 1 than before Nov. 15. 

This particular treatment has been used to break dormancy in 
astilbe, flowering crabapple, flowering plum, grape, and lilac. 

Chemicals Employed . — Chemicals that have been used in 
forcing buds of ornamentals are ether, acetaldehyde, alcohol, 
acetone, various organic acids, ethylene, propylene, ethylene 
chlorohydrin, ethylene dichloride, hydrogen cyanide, zinc 
sulfate, and a thyroid preparation. Ethylene chlorohydrin has 
been used more commonly than the others, and Denny and 
Stanton®®’®® recommend it for general use rather than ethylene 
dichloride. Although the latter is slightly less expensive and is 
more effective on certain species (wistaria, astilbe, and Con- 
cord grape, for example), it is explosive. 

Plants Responsive to Treatment . — ^Dormancy has been broken 
by chemical treatment in buds of 80 or more species. Those for 
which adequate data have been reported concerning the extent 
of shortening of the rest period are listed in Table 5; other plants 
tested are given in Table 6. 

The concentration of the chemical to some extent controls 
the nature of the response. In treating deutzia the use of 10 
ml. ethylene chlorohydrin per 100 1. of air space, for example, 
causes many leaves to develop but few flowers; 2.5 ml. per 100 
1. stimulates both flower and leaf development; and 0.6 ml. 
per 100 1. favors development of flowers, but not leaves.®® These 
results indicate different sensitivity of leaf and flower buds to 
ethylene chlorohydrin. 
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Table 6,— Tkees and Sheebs m Which Chemical Teeatment Has Eesclted 
IN A. Significantly Shoetened Rest Peeiod 
In general, dormancy-breaking treatments were administered in late XovembcT or 
in December. Plants were intact unless otlierwiae indicated. Selected data. 


! 

Plant ! 

1 

Chemical treatment* ' 

Rest period j 
short ened i 

Refer- 

1 

by ! 

eiice 

Alder . . . .1 

Twigs expo.sed to vapor, 1 g. ; 

3 w'k. 

7 

Alnns ghdinma j 

i 

i 

1 

acetaldehyde or acetone per 
3 1, of space in treating j 
; chamber. (1 g, acetalde- i 
hyde per 3 1. was toxic) | 



Altbpa ‘ 

Etherized 40 g. per 100 I. 06 ; 
hr. 

9 days 

43 

Hibiscus syriacus \ 

Apple 




Flowering orab ^ 

Ethylene chlorohydrin 5 ing. , 

8 wk. 

30 

M'ahiS ioerisis \ 

per 1001. 24 hr. ; 



var. Doiiein 

: 1‘ltherized 24 hr. 40 g. pcT 

9 days 

43 

Mailt s pumila 

100 1. ’ 



Ash, flowering. ^ 

Etherized 48 hr. 40 g. per 

1 1001. 

22 days 

1 4:3 

Fraxinm omits 

Asfilbf-' . , 

Ethylene chlorohydrin 10 ml. 
per 100 1. 48 hr.' 

.8-4 wk. 

60 

AsHlhe sp. 

Ai^alea, .Pinxterl:)loom . 

1 Ethylene chlorohydrin ap- 

2-3 wJs. 

i 30 

Rhoihikndron nufUflnni w 

proxitnately 5 ml. per 100 1, 
48 hr. 



Cherry j Mazzarc! 

Exposed to vapor of aleoliol, 

10-1.5 days 

7 

Pnmm amt ni 

etlier, and acetone (acetal- 
dehyde was toxic) 



Chestnut. 

Ethylene chlorohydrin 25 ml. 
per 450 1. 4 days 

3 mo. 

8 

Casianea dentata 

Deutzia 

Ethylene chlorohydrin 5 ml 
per 100 1. 48 hr. 

6 wk. 

30 

Deutzia gracilis 


Etherized 48 hr. 40 g. per 

29 days 

43 


100 1. 



Dogwood, Cornelianeherry . . , 

Etherized 48 hr. 40 g. per 

Alore than j 

43 

Cornns mas | 

1001. 

37 days . 


Euonvmus ^ 

Etherized 48 hr. 40 g. per 
100 1. 

38 days 

. 43 

: Bmngnius europa/eiis \ 

Filbert (Hazel) . 

Twigs soaked 1 hr. 1% form- 
aldehyde; acetone 1% 

7 days • 

7 

Corylus awlkina . ^ 



Twigs exposed to vapor, al- 
cohol or acetone, 1 g. per 
3 L 

10 days 

7 

Grape 

Ethylene chlorohydrin 5 to 

2 mo. 

60 


Yitis sp. 

10 ml. per 100 1, 48 hr. 
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Table 5. — Tbees and Sheubs in Which Chemical Tebatment Has Resulted 


IN A Significantly Shoetened Rest Peeiod (Continued) 


i Plant 

Chemical treatment* 

Rest period 
shortened 
by 

Refer- 

ence 

Hawthorn, English 

Etherized 24 hr. 40 g. per 

25 days 

43 

t Crataegus oxycaniha 

1001. 



Horsechestnut 

Buds injected 5% methyl 

1}4 nio. 

7 

Aesculus hippocastanmn 

glyoxal 




Twigs soaked 14 hr. 0.001 to 

8 days 

54 


0.1% zinc sulfate 



Larch, European 

Twigs exposed to vapor of 

15 days 

7 

Larix decidua 

acetaldehyde 1 g. per 3 1. 




Twigs exposed to alcohol or 

3 days 

7 

r 

ether 1 g. per 3 1. 


\ 

Lilac 

Etherized 40 g. per 100 1. 48 

5 days 

43 f 

Syringa vulgaris 

hr. 




Ethjdene chlorohydrin 5 to 

4-5 wk. 

30 1 


10 ml. per 100 1. 24 hr. 




(varieties differ in response) 



Linden 

Buds injected 5% methyl 

lUO. 

7 

Tilia cordata 

glyoxal 1 


' 


Exposed to vapor of acetal- 

15 days 

54 . , ( 


dehyde 1 g. per 3 1. 



Maple 




Silver 

Etherized 96 hr. 40 g. per 

50 days 

43 ! 

; Acer saccharinu m, 

1001. 



Sugar 

Ethylene chlorohydrin 5 days 

2 wk. 

33 

ilccr sacchar um 

20 ml. per 121 1. 




Ethylene chlorohydrin 3 days 

2 mo. 

8 


25 ml. per 450 1. 



■i" Oak 



■ ■ . 

White 

Etherized 24 hr, 40 g. per 

44 days 

43 

Quercus alba 

100 1. 


' 

Swamp white 

Etherized 24 hr. 40 g. per 

25 da^ 

43 

Quercus bicolor 

1 1001. 



Scarlet 

Etherized 48 hr. 40 g. per 

100 days 

43 

Quercus coccinca 

1 100 1. 



f Burr 

Etherized 96 hr. 40 g. per 

26 days 

43 

Quercus macrocarpa 

100 1. 



English 

Acetaldehyde, ether vapor 

10-15 days 

7. . ■ . ; 

Quercus robur 

0.25 g. per 3 1., 1 g. per 3 1. 




Twigs soaked 24 hr. in 0.001 

10 days 

■ 54 ■ 


to 1.0% thyroid preparation 



Peach 

Etherized 48 hr. 40 g. per 

14 days 

43 ■ : 

Prunits persica \ 

1001. 
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Table 5.— Teees and Shrxjbs in Which Chemical Treatment Has Resulted 
IN A Significantly Shortened Rest Period ( Cimtinued ) 


Plant 

' C'hemieal treatnien t * 

RibSt period 
shortened 
by 

Kefer- 

eiiee 

Pium, flowering 

Ethylene ehloroliy drill 24 hr. 

2 \vk. 

30 

Prumis triloba 

Tnliptree 

5 ml. per ICX) L 

Etherized 40 g. per K)0 L Ob 

23 days 

43 

Liriodendron tuUpifera 
.Vibunmni, Way faringtree .... 

hr. 

Etherized 40 g. per 100 1. 24 

11 days 

43 

Viburnum Imitnna 

WaMiit, Persian or Englisb . , 

hr. 1 

. Twigs soaked 14 hr. 0.11)1 to j 

l“-2 wk. 

54 

Juglans regia 

Weigela ■ 

0.1% zinc sulfate i 

; Ether vapor 24 hr. 40 g. per ^ 

34 days 

43 

Weigela jlorida 

Willow, weeping . . . . | 

1001 : 
Twigs soaked 20 hr. 0.001 

8 clays 

54 

Salix babijlonim ' i 

Wistaria | 

zinc sulfate 

1 Ethylene chlorohydrin 48 hr. ' 

At least 3 

60 

sp. 1 

1 2 to 8 ml per 100 1. j 

wk. 



* Unless otherwise stated, eheniical was applied as a vapor. Figures denote 
amount of eheinieal used per volume of treating chamber. 


Figure 5 shows the re.sponse of flower buds of azalea to 
different concentrations of ethylene chlorohydriii. 

Sometimes wflien a single treatment with ethylene chloro- 
hydrin does not hasten the breaking of dormancy, retreatments 
may prove effective. For example, in wistaria, Stanton and 
Denny®® used three successive 24-hour exposures at 48-hour 
intervals. The first exposure was made at a concentration of 
3 ml. of ethylene chlorohydrin per 100 I. of air space, the 
second at 2 ml., and the third at 1 ml. These treatments 
shortened the rest period by at least 3 iveeks. 

Wlierever treatments with ethylene chlorohydrin w'ere 
successful, late November applications brought plants into flower. 

Localization of Dormancy . — Whatever chemical is employed, 
the treatment should be directed at the bud because dormancy 
resides there and not in the entire plant. Howard in 1915 
observed that dormancy is localized in the buds.^® Denny 
and Stanton®* demonstrated a similar localization in lilac by 
exposing certain buds to ethylene chlorohydrin vapors (con- 
tained in a flask or test tube) and using the opposite buds for 
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Fig. 5. — ^Breaking dormancy of azalea {Rhododendron nudiflorum) by treatment with 
ethylene chlorohydrin. All plants brought into the greenhouse Dec. 24 and photo- 
graphed Jan. 17. A, not treated. B, exposed for 24 hours to ethylene chlorohydrin 
YSLpOYf 6.7 ml. per 100 1. of air space, Dec. 23. C, as for B, but only 0.75 ml. ethylene 
chlorohydrin per 100 1. Denny and Stanton.®® {Photographs^ courtesy of Boyce Thomp^ 
son Institute for Plant Research.) 
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Table 6.— Plants Not Included in Table 5 in Which Chemical Treatment 

Has Been Applied to Break Dormancy 


Successful 

Apple 

Elm, European whiter 

Japanese flowering crab 

Vlmus Ixievis 

Mains Jlm'ihunda 

Hackberry 

Ash, purple 

Celt is oceidmialis 

Fixixinvs excelsior 

Honeysuckle 

Azalea 

Lonkera sp. 

Chinese , 

Lily-of-t lie-val ley 

Rhododf ‘nd ton- molle 

Conmllarm m ajalis 

In,diea 

Ixicust, black 

Rhod()d,e7idron indiev m 

Eobinm psirudeHieacia 

Beech 

IMagnolia 

European 

Magnolia sp. 

Fagus sidraiiea 

Oak, durmast 

Purple 

Quercits peinuxi 

Fagm syivatim purpurea 

■ Peach. 

Bladdeniut 

Pru u us per s iea 

Btaphylea col eh iea 

Fear 

Broom 

Pyrus communis 

Gemista alha 

Phim 

Cherry 

Prunm sp. 

Primus sp. 

Poplar, soutliern 

Crocus 

Fop id us delioidtm m iMoiirknsiE 

Crocus s|'), 

Bose 

C'urrant 

Rosa multi flora 

Ribcs sp. 

Viburnum, European 

Dogwood, red osier 

Vihii rn u m op u 1 us 

Corn us stohnihra 

Willow 

Elder 

Salix sp. 

Sanibutus sp. 


Not Successfui 

Ash, green 

Oak, Spanish, red 

Fraxinm penmylvaniea Ian 

ceolaia Quercus flakeda 

Box elder 

Spirea 

Acernegtindo 

Spiraea Thtinbergii 

liornbeam, European 

Viburnum 

^Carpinus beitdus 

Oak, water 

Vibtmmni imnentosum 

Quercus nigra 


controls. Only the treated buds broke dormancy (Fig. 6). 
This showed that dormancy is not systemic, that the root, bark, 

and conductive tissues 
able to utilize the sap. 

are functional whenever the buds are 
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Chemicals have been used to break the dormancy of plants 
that have been overwintered in the greenhouse and thus 
deprived of their natural exposure to the cold. In the cases of 
sugar maple and chestnut trees overwintered in the greenhouse, 
dormancy persists for a year. When treated with ethylene 
chlorohydrin vapors, leafing out is hastened by 2 or 3 months.® 




A 

Fig. 6. — Breaking the rest period of a single bud on a dormant lilac twig (Syringa 
vulgaris) by chemical means. A, flask containing a drop of ethylene chlorohydrin sealed 
over a single bud with modeling clay Dec. 30 . Flask removed after 40 hours. B, 3 
weeks later; treated bud has grown into a branch, buds not treated remain dormant. 

Drawings from photographs, after Denny. 31 


Seed Treatment. — The dormancy of seeds presents its prob- 
lems to growers. For example, seed testing for disease-free strains 
and crossing to obtain new varieties may be delayed because of seed 
dormancy. Several methods, therefore, have been commonly 
used to overcome seed dormancy: scarification, alternation of 
temperatures, storage, and chemical treatment. All methods are 
designed to overcome one or more of the following causes of dor- 
mancy: a hard, tough seed coat impervious to water or oxygen, 
or resistant to the pressure of the germinating embryo; an 
immature embryo; or an embryo requiring a period of after- 
ripening^ — whether this is due to the presence of inhibiting sub- 
stances in the embryo or in the stored food surrounding it. 

Investigations on breaking seed dormancy with chemicals have 
not been very fruitful, hence have not been widely used to date. 
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Germination has been hastened as a secondary effect of 
chemical treatment applied for other purposes. Baldwin- 
observed that alcohol treatment of red spruce seeds to separate 
empty from full seeds accelerated germination by 10 days and 
increased the percentage germination from 15 to 40 per cent. 
Sulfuric acid, applied by Brown® to delint cotton seeds, increased 
the percentage germination from 30 to 90 per cent and the rate 
by 1 or 2 days. 

Deuber®® was able to stimulate the germination of seeds of 
sugar and Norway maples and of acorns of black and red oak 
■\\ith thiourea and ethylene chlorohj-drin. The ethylene chloro- 
hydrin treatment (4 ml. in a 1-1. bottle for 24 hours) had the 
following effect on the acorns; germination wns initiated 4 
weeks after treatment; 10 weeks later, 70 per cent of those 
treated had germinated against 1 per cent of the untreated. 
Thiourea (3 per cent for 15 minutes) was slower acting, since 
germination did not begin until 7 to 10 weeks after treatment". 

Dormancy in lettuce seed lias yielded to chemical treatment. 
Thompson and Kosar"® found six sulfur compoinuls that were 
effective in hastening germination: tliiourea, thiosemiearbazide, 
thioacetamide, allyl thiourea, ammonium tliiocyanate, and 
potassium tliiocyanate. Of these, thiourea was the most 
generally effective. Raleigh"’® succeeded in obtaining up to 
100 per cent germination of lettuce seed after soaking for 24 
hours in 0.5 per cent thiourea solution in diffuse light, versus 
less than 1 per cent germination of untreated seeds. Rinsing 
the seeds nith water wns necessary to prevent the thiourea from 
retarding seedling growth. The response of lettuce seed to 
thiourea treatment depends not only upon the variety but also 
upon the length of the period of drj^ storage of seed after harvest. 
Garman and Barton®'* found that drjdng the seeds for 16 weeks 
after harvest, then treating nith thiourea, was more effective 
than treating immediately after harvest. 

Peach seeds have also responded to thiourea treatment. Of 
23 varieties tested, dormancy of only the Lovell variety %vas 
broken. Soaking 2 to 16 hours in an aqueous solution of 
thiourea (0.25 to 0.5 per cent) or supplying a 0.25 per ceny 
solution continuously was the most effective treatment.®'* 
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Of the many kinds of seeds tested by Barton,® in only elm 
seeds was germination increased by chemical treatment. 
Potassium-naphthaleneacetate produced some increase in germi- 
nation but not enough to replace the low-temperature pretreat- 
ment or water-soaking method to speed germination. 

Indoleacetic acid in concentrations of 0.0175 and 0.000175 
p.p.m. is reported by Landau^® to stimulate germination of seeds 
of oats, French beans, tomato, and radish (see Chap. VI). 

It appears from these few successes that chemicals are 
relatively ineffective in shortening the dormant period in seeds. 

EVALUATION AND SUMMARY 

Although much of the work on breaking the dormancy of 
buds is still in the experimental stage, certain developments have 
been successfully used in horticultural practice. Chief among 
these is chemical treatment of freshly harvested potato tubers 
to shorten their period of dormancy. This procedure is useful 
wherever the growing season is long enough for a second 
or late crop of potatoes to be planted immediately upon 
harvest of the first. For example, the September potato 
planting in Bermuda^® was improved by using chemically 
treated Nebraska-grown potatoes instead of the usual earlier 
Long Island crop, winch is subject to virus infection.^® Until 
proper chemical treatment was developed, the dormant period 
of Nebraska potatoes could not be broken in time for use in 
Bermuda. Furthermore, greenhouse studies on potato diseases 
can now be carried on throughout the year, with no idle interval 
while potatoes undergo their “rest period.” The work of 
Denny at the Boyce Thompson Institute has made possible 
certain general recommendations for treatment of potatoes on 
a large scale to break their dormancy. 

The application of dormancy-breaking techniques to other 
plants has been less widely practiced, chiefly, perhaps, because 
the methods are not sufficiently well worked out or because 
economic advantage does not yet warrant the additional opera- 
tion. Nevertheless, earlier blossoming of ornamental plants 
is a boon to the horticulturist and florist, and the breaking of 
dormancy of ornamental plants on a commercial basis has 
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received considerable attention from investigators. In the 
past, prolonged chilling has been the only practical means of 
accomplishing this. More recently, the chemical breaking of 
dormancy has been achieved in gladiolus conns and cormels, 
and the method is now well enough understood to be put into 
common practice by the commercial flower grower. The experi- 
mental application of dormancy-bi’eaking chemicals to other 
bulbs with rather long periods of natural dormancy has received 
no special attention as yet. 

The period of dormancy of many ornamental trees and shrubs 
has been shortened by from 1 to 3 months as a result of suitable 
chemical treatments ; for example, azalea (dormancy shortened 
by 3 weeks), astilbe (4 weeks), deutzia (6 weeks), flowering 
crabapple (8 weeks), hawthorn (4 weeks), lilac (4 weeks), 
weigela (5 weeks), wistaria (5 weeks), sugar maple (8 weeks), 
scarlet oak (13 weeks). Further investigation will doubtless 
show that dormant periods can be shortened considerably more. 
The availability of proprietary preparations suitable for breaking 
dormancy and forcing ornamental plants is awaited with interest. 

In fruit trees as well as ornamentals, most specic^s require a 
period of from 10 days to 2 month.s of cold weather to break 
dormancy (45°F. or lower). Thus, in mild climates one of the 
problems of the horticulturist is to assure tlie opening of buds 
in the absence of adequate cold weather. Chemical treatments 
have been found to replace from 1 to 2 weeks of cold weather in 
the breaking of dormancy. Techniques of applying suitable 
dormancy-breaking sprays to orchards in climates with mild 
winters are scarcely beyond the experimental stage. 

The use of chemicals for breaking the dormancy of seeds has 
not been widely investigated, but there have been a few suc- 
cesses. Further experimentation seems w’arranted wiierever 
breeding or other programs might be hastened. 

Of the present methods of applying dormancy-breaking 
chemicals under field conditions, either spraying or dusting is 
convenient. How’ever, the problems of the fruit grow'er, 
nurseryman, and commercial flower grower differ. In the 
future the use of vapors, aerosols, or other techniques yet to be 
developed may increase the ease with which dormancy-break- 
ing treatments can be applied. 
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CHAPTER X 

HORMONES IN PROLONGING OR INDUCING DORMANCY 

Retarding bud development by chemical treatment has been 
a subject of considerable interest since it was shown in 1933 that 
hormones govern, at least partly, the growth of budsd® The 
potential importance of this discovery to horticultural practice 
was soon recognized, and several lines of investigation are now 
under way. The work thus far has been directed toward three 
objectives: (1) prevention of the sprouting of potatoes while in 
storage, (2) prevention of frost damage to fruit and other trees 
by holding back bud growth until danger of frost is past, (3) 
prevention of sprouting of nursery stock w'hile in storage. 
Other applications may in the future prove important. Much 
fundamental work has been carried out with both potatoes and 
fruit trees, particularly at the Boyce Thompson Institute for 
Plant Research. The work on potatoes has been done chiefly by 
Guthrie®’®’'^'® and Denny, and on fruit trees mainly by Hitch- 
cock and Zimmerman.^®'^® From the Boyce Thompson Insti- 
tute, interest has extended to horticultural research stations in 
both the United States“’^®’“'^^’*^ and England.^®’^* Work on 
tung trees^®’^^ has been fostered by the United States Depart- 
ment of Agriculture in its effort to establish tung as an oil crop 
in the Southern United States. 

Some of the hormones which are effective in prolonging or 
inducing dormancy in buds are identical with those active in the 
rooting of cuttings.'’^-® 

EARLY EXPERIMENTS ON INDUCED DORMANCY IN POTATOES 

Two methods were originally used by Guthrie to show that 
dormancy could be experimentally induced in the potato tuber: 
■'^1) the basal-soak method and*^) vapor treatment. 

The basal-soak method®’®’® was performed as follows : Tubers 
were cut into pieces, each with one eye, and placed, eyes up, in a 
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shallow dish. The pieces of tuber were partly covered mth 
solution (approximately 125 cc. for 12 pieces) and allowed to 
stand at approximately 50°F. for 1 to 3 days. They were then 
drained and planted. Table 1 shows representative results 
obtained mth different concentrations of the potassium salt of 


Table 1. — Induced Dohmancy in Potatoes 


Delay in the sprouting of potato seed pieces (var. Green noiidor- 

inant) as a result of treatment with the potassium salt of naphthaleneacetic acid in 
aqueous solution, by the basal-soak method of Guthrie.^* 


Goncentratioii, 
mg. per L 

Number of days for 50% of sprouts to come above ground 
after being treated 

treated 

1 day 

treated 

2 days 

treated 

3 days 

treated 

6 days 

100 : 

> 130 

> 129 

127 

>.124 

20 , 1 

30 

38 

43 

71 

0 (watc^r only) 

7 

^ 8 

9 I 

1 s 


* Gutlirie also showed that induced dormancy can be broken by the use of ethylene elijorohydriTi.f' 


naphthaleneacetic acid (KNA) in water solution, applied by 
this method. From these data it is evident that the hormone 
inhibits sprouting to an appreciable degree when applied at 
concentrations of 20 mg. or more per liter for 1 or more days. 
KNA is approximately ten times a.s effective as the potassium 
salt of indoleacetic acid, the latter requiring a concentration of 
250 mg. per 1. to produce re.sults similar to those given by the 
former at 20 mg. per 1. 

Guthrie’s experiment showed conclusively and for the first 
time that potatoes capable of immediate growth may, if suit- 
ably treated, be kept from sprouting even under the most 
favorable growing conditions. 

In contrast to naphthaleneacetic acid and its potassium salt, 
its methyl ester (AleNA) is sufficiently volatile to be used as a 
vapor. Aloreover, it is absorbed by potato tubers in sufficient 
quantities to make possible the treatment of whole tubers as 
well as of pieces of tubers. Guthrie’s vapor treatment^’** con- 
sisted of dissolving the MeNA in acetone, pouring it on filter 
paper, and after evaporating the acetone, placing the filter paper 
with the tubers in a closed but not sealed container. A set of 
his results at 72°F. is presented in Table 2. They show that 
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even in low concentrations the vapor of MeNA has an inhibiting 
effect on sprouting. The same treatment at higher temperatures 
(79 to 86°F.) gave essentially the same results. At a lower 
temperature (50°F.) inhibition was less marked but still 
significant. 

These experiments gave further proof, this time with whole 
potatoes, that sprouting can be prevented if the tubers are 
exposed to vapors of an appropriate chemical compound. 

Table 2. — Induced Bokmancy in Potatoes 
Delay in sprouting of whole tubers (var. Bliss Triumph, nondormant) as a 
result of treatment with vapors of the methyl ester of naphthaleneacetic acid. 
The potatoes were exposed to the vapor in enameled cans, covered but not sealed ; 
left in container after treatment in a room at 72°F.; and examined at intervals 
up to 86 days (Guthrie®). 


Amount of hormone 
per 6 tubers, mg. 

Total num- 
1 ber of eyes 

Number of eyes sprouting per 6 tubers, after 

22 days 

36 days 

51 days 

86 days 

200 

40 

0 

0 

0 

2 

65 

47 

0 

0 

0 

2 

22 

49 

0 

1 

1 

12 

7.5 

49 i 

0 

4 

14 

24 

2.5 

48 ! 

0 

13 1 

31 

32 

0 (not treated) 

42 

15 

23 

23 

23 


PREVENTION OF SPROUTING OF POTATOES IN STORAGE 

Denny^ has tried several modifications of Guthrie’s vapor 
treatment in an effort to devise a simple method that can be used 
commercially to prevent the sprouting of potatoes in storage.” 
A summary of his results is presented in Table 3. 

From these results it is evident that treatment of tubers with 
MeNA vapor can be practiced on a large scale if the source of the 
vapor is evenly distributed throughout the volume of tubers 
to be treated. Even distribution of the vapor can be accom- 
plished by dusting the tubers* with MeNA-impregnated tale or 
by scattering among them shredded paper that has been impreg- 

*Two commercial preparations are now available for preventing sprouting of 
potatoes in storage: Barsprout (American Cyanamid Co.) and Dow Sprout 
Inhibitor (Dow Chemical Co.). These preparations are reported effective also 
on beets,' carrots, rutabagas, and .turnips. 
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Tab-LE 3.— Pbevention Spbouting of Potatoes in StoeagBi as a Result op 

Treatment with Yapoes op the Methyl Ester op Naphthalene acetic 

Acid (MeNA) 

ExperiHients by Denny, ^ using Irish Cobbler tubers harvested on September 8. 
Temperatures varied from 50 to 77°F. 


Treatment 

Concentration of 
hormone, mg. per 
kg. of potatoes 

Results 

Wooden bin treatment: 


After 6 mo. : 

a. Started Oct. 3 (tubers 

100 

Only a few sprouts 

dormant). Bins held 20 

S3 

Sparse sprouting 

bu. Paper towels im- 

11 

Abundant sprouting (like those 

pregnated with MeNA 


not treated) 

were distributed among 
layers of potatoes 2 tu- 
bers deep 



h. Started . Dec. 8 (tubers 

50 ^ 

After 4 mo., good inliibition of 

nondorniant) 


sprouting as contrasted with 




growth of tiaise not treated 

Paper I>ag Ireatment: 


After 6 mo.: 

a. Started Oct. 3 (tubers 



dorma nt ) . Bags liekl 50 

100 

] 

lb . p o t a t o e s . Pa per 

33 I 

> Result. s as in a alcove 

towels irniiregiialed witli 

11 

1 

MeNA were distributed 

] 


at various levels in bags 



5. Paper towels impreg- 

100 

Only the tu,l)i‘rs in tlu* tops of 

nated with Iti’eNA were 


hags were prevented from 

laid on tubers in t,ops of 


sprouting 

’ bags 



c. Bags were lined with 

100 

Only the tubers that touched. 

paper impregnated with 


treated paper w^ere prevented 

MeNA 


from sp.rout.mg 

Dusting treatment: 



Started Dec. 13 ( tubers non- 

100 

.After 4 mo,, complete inhibi- 

dormant). Tubers were 

50 

- tion of sprouting as con- 

dusted with talc (1.65.g. per 

25 

trasted with growth of those 

■ kg. of tubers) with which 


not treated 

MeNA had been mixed 




iiated with MeNxi (Fig. 1). If talc is used, MeNA at the rate 
of 25 mg. per hg. of potatoes is effective in inhibiting sprouting; 
if paper is used, a concentration of 50 mg. per kg. is desirable.^’® 
Since the whitish appearance of talc-dusted potatoes may be 
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unacceptable to consumers, it has been suggested that MeNA 
be mixed with fine soil instead of with talc. 

MeNA has proved effective in prolonging the dormancy of 
Middle Western as well as of Eastern potato varieties.^” 

Subsequent germination of treated tubers is important only 


Fig. 1. — Prolonging dormancy of potatoes (var. Sequoia) by hormone treatment, 
.ill potatoes placed in storage in October, photographed Apr. 30. Left, potatoes stored 
without treatment; abundant sprouting. Right, potatoes stored with scattered strips 
of paper impregnated with the methyl ester of naphthaleneacetic acid, after the method 
of Denny. Six pounds of shredded paper impregnated with 100 g. of hormone was used 
per 100 bu. of potatoes. This is equivalent to 1 oz. (by weight) of hormone per 28 bu. 
Note that the white strips are paper, not sprouts. {Ora Smith, Cornell University photo- 
graph's.) 

if they are to be used later as seed potatoes. The percentage of 
germination is reduced somewhat by treatment wdth MeNA 
vapor, and a small amount of injury to tubers usually occurs. 
Denny^ found that in laboratory experiments scrubbing the 
tubers with soap and water and then treating them with ethylene 
chlorohydrin (see Chap. IX) before planting increased the 
percentage of germination, which, however, did not reach 100 
per cent. A less time-consuming treatment for large quantities 
of potatoes could doubtless be devised if for any reason MeNA- 
treated tubers were to be used for seed. 
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Edibility of Treated Potatoes. — Since naphthaleneacetic acid 
and its derivatives are somewhat toxic to animal tissue when 
injected intraperitoneally,* the question arises wiiether whole 
tubers treated with MeNA vapor can be used safely for food. 
Denny^ has shown that treated potatoes contain not more than 
5 per cent of the MeNA used in treatment, that four-fifths of 
that amount is in the skin, and that the amount is substantially 
reduced by cooking. Eecent work by Finch and HartzelF indi- 
cates that MeNA incorporated in food in concentrations far 
exceeding those found in treated tubers is not toxic to animals. 
The amount of MeNA used for prolonging dormancy does not 
affect the taste of potatoes. 

DELAY OF BUD OPENING IN FRUIT TREES 

Treatment of fruit trees in order to delay blooming is still 
in the experimental stage. Inasmuch as a delay of a week or 
two in tlie flowering of fruit trees would often prevent great loss 
of fruit by frost damage, it is highly desirable that a treatment 
be devised that is effective and at the same time not injurious 
to the trees. Results of different investigators working in 
different environments are somewhat at variance, but it seems 
safe to say that the outlook is hopeful. 

Tabiub 4. — Retarded Opening of Buds of jSIontmoeexoy (’iiERRi% as a Result 

OF Spraying with the Potassium Salt of XAPHTiiALENEAtiETio Acid: 
Effect of Ti.me of Treatment 

The hormone was used in concentrations of 200, 400, and 800 niR. pt.T 1. with 0.1 

per cent Aerosol (Vatsol OT) as a spreader (liitchcoek and ZimmermaiP®). 

Date of .Application Observations in April and M.ay, 1942* : 

July 21, 1941 Ail concentrations were effective 

400 and 800 mg. per 1. retarded vegetative buds markedly 
more than floral buds 

Aug. 20, 194:1 4'(K) mg. per 1. approx.imately as effective as 200 mg.tper I. 

in July 

2^X) mg. per i. not noticeably effective 

Sept. 17, 1941 , 800 mg, per I approximately as cdTective as 200 mg. per i. .in 

July or 400 mg. per 1, in August 
200 and 400 mg. per 1. not noticeably (‘fOntive 

Floral budn were delayed by m ranch as 14 day.s, spur buds raore than bwls on 1-year shoots, 
lateral l>uds more than terminal buds. Vegetative buds were delayed up to 10 days. Some bud 
injury occurred, espGei.ally at the higher eoacentrations. 

Experimentally, KNA and other chemicals have been applied 
in various carriers. In horticultural practice, spraying and 
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dusting are the only feasible methods of apphcation. Most 
investigators have applied sprays in the spring, prior to the 
opening of the buds, but experiments by Hitchcock and Zimmer- 
man^® indicate that treatments the previous summer are 
markedly more effective than spring treatments. On the basis 
of that finding, they made a comparative study of the effects 
of different concentrations and different times of application on 
trees of cherry, peach, plum, apple, and pear. Table 4 sum- 
marizes their 1941-1942 results on Montmorency cherry. They 
obtained similar results with Black Tartarian and Windsor 
cherries. Peach and pear were found to be more sensitive to 
treatment than cherry, whereas apple was less sensitive. 

Thus it appears that both concentration and time of applica- 
tion are important. Considering cost of materials and incidence 
of injury, Hitchcock and Zimmerman suggest for Montmorency 
cherry an application of KNA at 100 to 200 mg. per 1. in early 
August. 

DELAY OF BUD OPENING IN TUNG TREES 

Prolonging dormancy in tung trees is a problem of great 
importance to growers because damage by late frosts is often so 
great as to cause a crop loss of 25 per cent over a period of 
years. 

Sell and his co workers^®- have been successful in retarding 
bud opening by the use of naphthaleneacetic acid and its 
derivatives, but the injury to buds is so extensive that the 
treatment cannot be recommended. They appHed the chemical 
in lanolin emulsion (38.0 g. lanolin, 7.5 g. stearic acid, 2.7 g. 
triethanolamine, 100 g. distilled water) according to the method 
of Winklepleck and McClintock,®^ and applied the emulsion 
to the buds with a small brush. In their experiments” the 
lanolin itself caused some retardation and some bud injury. 
Of the several organic compounds that they tried, only four 
(naphthaleneacetic acid, naphthalenacetamide, naphthalene- 
thioacetamide, and indoleacetic acid) prolonged dormancy more 
than did the lanohn alone, and all of these caused a greater 
percentage of killing (16.9 to 52.5 per cent as contrasted with 
7.5 per cent for lanolin). Table 5 shows the relation between 
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retardation and killing after one application and after several 
applications of naphthaleneaeetamide in lanolin emulsion. If 
the concentration is low enough to avoid injury to tung buds, the 
retardation is negligible. 

Tab:LE 5.— 'liETAEBEB OPENING, OP BuBS (FlOEAL Only) OF THE TUNG TbEB AS A 
Result of: Spraying with Naphthaleneacetamide: Effect of .Time 
AND Frequency of Treatment upon Delay of Bud-Break and Extent 

OF Injury 

Kaphthaleneacetamide (0.25 per -cent.) applied in lanolin emulsion (Sell^ Taylor^ 

and Potter^^), 


Number and, dales of applications 

Average stage of bloom 
attained on Apr. 8 
(stage 6 ■ = full bloom) ; 

Percentage 
of dead buds 
on May 30 

1 

1 application 



Feb. 12 

3.S 

19.6 

Feb. n. .....n,./.. .............. 

3.6 

16.2 

Mar. 11 

4.5 

17.4 

Mar. 20 

5.7 

0.0 

Not treated . 


^ 0.1 

1 application, Mar,’ 20; ..... 

5.5 

1.6 

2 applications. Mar. 11 and Mar. 20. .... 

'4.0 

29.7 

d applieationa, Feb. 26j M,ar.^'li,and'Mar. 



20. ^ 

2.0 

39.4 

4 applications, Feb. 12, Fc‘b.:26, Mar. 11, 



and Mar. 20. ....................... 

1.6 

59.4’ 


PREVENTION OF SPROUTING OF ROSEBUSHES IN STORAGE 

A simple means of prolonging dormancy would be desirable 
for many kinds of nursery stock that are ordinarily stored by the 
grower for ’several weeks or months prior to time of shipment 
in the spring. The soft, pale, and spindly branches frequent^ 
seen on plants when received from the dealer have developed 
during storage from buds that failed to remain dormant. The 
frequency with w'hich such branches are seen indicates the extent 
of the problem. Because roses have such a short rest period 
that they often sprout during storage, they have received special 
attention (Fig. 2). has made a large-scale study 

of this problem; his methods are directly applicable to the 
storage practices of the nurseryman. 
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2, Prolonging dormancy of rose bushes (var, Edith Nellie Perkins) in storage 
by hormone treatment. Ahone, not treated; numerous sprouts. Below ^ treated Mar. 2 
with the methyl ester of naphthaleneacetic acid at the rate of 0.3 g. (vaporized on a hot 
plate) per 1,000 cu. ft. for 16 hours at 70°F. Photographs taken May 1. Marth.^s 
(Photographs, courtesy of U. S, Department of Agriculture.) 
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In preliminary experiments” uith 4,400 Ami Quinard rose- 
bushes in 1939-1940 and 1940-1941, Marth showed that 

1. Of the 17 chemicals tried, 3 derivatives of naphthalene- 
acetic acid (its methyl and ethyl esters, and naphthaleneaceto- 
nitrile) are by far the most effective in prolonging dormancy. 

2. Of the various methods of application which were tried, 
the following are the most effective : 

а. Any of the three chemicals mentioned above at 0.01 to 
0.005 per cent in wax-emulsion spray. 

б. MeNA at the rate of 0.3 to 0.5 g. O’^porized) per 1,000 
eu. ft. for 16 hours at 70°F. hleNA volatilizes readily 
when dissolved in 95 per cent alcohol and placed in a 
shallow dish on an electric hot plate. Vapor treatment 
should be carried out in an airtight chamber and a fan 
used to distribute the vapor evenly and quickl 3 ^ 

3. Vapor concentrations exceeding 0.5 g. per 1,000 cu. ft. 
cause moderate to severe cane injury. On the other hand, con- 

Tabl,k 0. — Prolongation of Dor.mancy i.n lit.j.sEBusiiEs in Sitiragb (vail Ami 

Quinard) 

I'he rt'siilt of tnnitment with vapor of the methyl ester of niipht.halentNicetic 
aeici; mature and immature plants treated with vapor at 0.3 g. pf*r 1,(H>0 cu. ft. for 
16 hours at 70"F. (MartiP'*). 


20 plants in each lot, treated 
Jan. 6 and held in common j 
storage 

Mature plants 1 

(high starch content) i 

Imrnat.ure plants 
(low starch content) 

Not 1 
treated i 

Treated 

Kot 
treated ■ 

Treated 

Average number of shoots per i 
plant, Feb. 16 

1.3 

0 0 

2 7 

0.0 

10.5 

Per cent dead canes, Feb. 16. . . 

1.5 

i 0.0 

16.2 1 

Average number of shoots per i 
plant, Apr, 16 

IS. 4 

i 

1 5 

32.6 

43.5 

15.8 

60.6 

Per cent dead canes, Apr. 16. . . .; 

35.2 

4.7 

Plants set in fi,eld ^lay 2: 
Observations, June 7. ..... . . 

17 living, 
j all weak 

20 living, 15 
vigorous, 5 
weak 

5 living, 
all very 
weak 

2 living, 
both very 
weak 
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centrations below 0.1 g. per 1,000 cu. ft. cause acceleration 

rather than retardation of sprouting. 

4. Wax-emulsion sprays give better results when applied to 
tops only than when applied to entire plants. 

5. After being set in the field in late spring, treated plants 
surpass the untreated in amount of root and shoot growth and in 
number of flowers per plant. 

Further experiments by Marth^® with MeNA vapors on rose- 
bushes established four facts of horticultural importance: 

1. Treatment of rosebushes is most effective when the plants 
are fully mature when stored. Table 6 presents data to support 
this statement. 

2. Different varieties vary considerably in their response to 
treatment with MeNA vapor, although some prolongation of 
dormancy can be expected from most varieties. In general, the 
varieties that are difficult to store under normal conditions 



Fig. 3,“— -Prolonging dormancy of apple grafts (var. Delicious) in storage by hormone 
treatment. Left, not treated; terminal buds sprouting. Bight, treated Mar. 27 with 
vapor of the methyl ester of naphthaleneacetic acid (treatment as in Fig. 2); terminal 
buds still dormant. Photograph taken May 1. 100 per cent of treated grafts survived, 

compared to 74 per cent of those not treated. Marth.^^ {Photograph, courtesy of U. S, 
Department of Agriculture,) 
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ie.g., Chatillon, Topaz, Poulsen’s Yellow) respond least -well to 
treatment. 

3. Dormancy has also been prolonged in other nursery stock 
treated and stored in the same way as described for I'osebiishcs. 
Apple grafts (Fig. 3) and many kinds of ornamental .shnil).s liave 
been tested with success. 

4. Since MeNA vapor condenses readily, it is important that 
plants be placed within 12 ft. of the vapor source during 
treatment. 

EVALUATION AND SUMMARY 

It was clear as early as 1938® that experimental control of 
dormancy was entirelv feasible in at least one plant, the potato 
(Fig. 4). ‘ 

The treatment of plants with synthetic hormone.? for the pur- 
pose of prolonging dormancy holds promise of wide horticultural 
application. Further methods must be devi.sed that will be con- 
sistentlj’ effective without causing appreciable injury to the 
plants. One of the greatest difficulties so far ha,? been the exces- 
sive amount of injury that has often accompanied otherwi.se 
succes.sful re.sult.s. 

Of the varioiLs hormones that have been tried for t lii.s purpo.se, 
those which have proved most useful are the poias,sium .salt of 
naphthaleneacetic acid in aqueous solution, and the methyl 
ester of naphthaleneacetic acid (IMeXA) in vapor form. 

The following stages of progress have been reached: 

1. Treatment of tubers and roots to prevent sprouting 
in storage. Treatment of potato tubers with MeXA can 
be recommended and has already been put into practice. 
The successful treatment of carrot and rutabaga roots has 
been reported, but the data are too fragmentary to warrant 
recommendation.*® 

2. Treatment of trees to prevent frost damage in orchards. 

Fruit tree.?: Results to date are still too conflicting to 
W’arrant the adoption in horticultural practice of any 
method yet suggested. Orchard experiments with 
summer sprays of naphthaleneacetic acid are badly 
needed. 
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Tung trees: No method has yet been devised that retards 
bud growth sufficiently to give frost protection without 
causing excessive bud injury. 

3. Treatment of nursery stock to prevent growtli in storage. 
Marth’s methods of ti’eatment of rosebushes with vapor of 
MeNA or with wax-emulsion sprays of the same or related com- 
pounds, seem worthy of horticultural application. Tliere are 
indications that the same methods may prove valuable with 
other kinds of nursery stock. 

It is highly probable that treatments designed for these three 
important uses can be adapted to many others. Delay of 
flowering may prove useful not only to reduce frost damage to 
fruit trees and tuiig trees, but also to spread the flowering and 
fruiting season of ornamentals and of fruit erop.s. Retardation 
of vegetative growth may prove to be important not onl}' in 
plants and plant parts tliat are stored indoors, but also in plants 
outdoors that are to be held for transplanting at later dates. 
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CH.4TOR XI 

CHEMICAL PRODUCTION OF NEW VARIETIES 


A plant, like an animal, owes its hercditvary nature to the 
chromosomes that it contains in each of Jtp cells. Any change 
in the chromosomes of an individual i.s'' tVahshlitted to its off- 
spring and subsequent generations. One of tlie possiltle change.^ 
is a simple, complete doubling of the chromosome sets of a group 
of cells. This results in the condition of pol yploitiy, * whicli ma \- 
alter the characters of the plant sufficiently to make it a new 
variety. 

PoljT)Ioid plants are frequently superior to the corrcsjionding 
diploids in characters of horticultural value. Experirm'ntally 
produced tetraploid.s are usually stockier phmis than tlieir 
corresponding diploids, with thicker stems, l»rojider, thicker, 
darker green leaves, and larger flowers, fruits, and seeds. 
Growth is slower in polyploids, and flowering and maturation of 
fruit are often delayed. The contenf of various ehemical .sul>- 
stances such as vitamins or alkaloids may be greater. Sterile 
hybrids can often be made fertile, and pollen ineom]>atibilities 
can be removed by inducing polyploidy. Cytological examina- 
tion has shown that many of the best varieties of cultivated 
plants are natural pol}q)loids and that the various species of 
many genera of plants form natural pohisloid scrie.s. 

HISTORICAL 

Although scattered polj-ploid cells were induced many year.s 
ago in roots by a variety of means, such plants were of no prac- 
tical value because it has not yet been possible to cstablisli new 
races from a few root cells. More recently Du.stiu,-'’'’ Lii.s,” and 

* Each cell of a normal plant contains 'two of each kind clmtinoM'iine lliat is 

characteristic for the species, or variety; such a pkint is sjiid to !>c 
Plants with three of each are ‘Hriploid/' four of each '‘tefraploid/’ tic. Any- 
thing higher than diploid may be described as polyploid.’' Hare individuals 
with only one of each kind of chromosome are '' haploid.’’ 

282 
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Ludford^® in Belgium, working with animals, showed that the 
alkaloid colchicine* interferes with the process of cell division 
in tumor cells, causing an arrest in the early stages of mitosis or 
nuclear division. The work was carried further in this country 
by the zoologist Allen, ^ whose report at the annual meetings 
of the American Association for the Advancement of Science in 
December, 1936, suggested to several people searching for 
practicable means to induce polyploidy in plants that colchicine 
be included among the substances tested. 

The idea bore fruit in several quarters almost simultaneously. 
A number of reports on the cytological effects of colchicine on 
plants appeared in 1937 and l938.27-36>45.48.8i,etc. Papers by 
Blakeslee and Avery'-^ and Nebel and Ruttle^®^ established 
colchicine treatment as a relatively simple and reliable means of 
inducing chromosome doubling at will. Immediately there 
began a flood of investigations that shows no sign of abating; and 
artificially induced polyploidy has become a standard tool in the 
hands of the plant breeder. 

METHODS OF TREATMENT WITH COLCHJCINE 

Since colchicine acts on cells only while they are in the 
process of division, to be effective it must be applied to actively 
growing regions that contain a high proportion of dividing cells. 
Consequently, germinating seeds and actively growing stem tips 
have been the subject of much experimental work. 

Treatment of Seeds. — One of the simplest methods of treat- 
ment is to soak seeds, prior to germination, in a 0.05 to 1.5 per 

* Colcliijcine is an alkaloid found in the seeds and corms of the meadow saffron, 
Colchic'uni autumnale. It has been known for centuries as a poison and, in minute 
quantities, as a specific for gout. It has the following structural formula: 

Ho 

b I Nnh-co-ch, 



CHsO I 

Y^^CH-OCHa 


o 
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cent aqueous solution of colchicine for a period of 1 to 0 days. 
Seeds that germinate slowlj’ require longer treat riK'iit , but factors 
other than germination time, as yet unknown, liavc' also j)laye(! 
a part in the seed-soaking treatment. Results from this method 
have not proved entirel.y satisfactory, for in nian\- instances 
germination has been retarded or the percentage of germinatifjn 
has been reduced. Several experiments have lieen reported 
in which treatment of seeds failed whereas treatment of seedlings 
or of buds of the same species succeeded.'*'”^’'’'" On tlie other 
hand, a slight stimulation of growth has been reported for corn, 
cabbage, and mungo bean as a result of soaking the seeds in 
concentrations below 0.01 per cent.®^ Germination of petunia 
seeds was improved bj^ soaking in concentrations of 0.01 to 

0.1 per cent; only in concentrations of 0.1 per cent or above was 
the number of survi\'ing seedlings much reduced.’"' 

Treatment of Seedlings. — Treatment of the stem tips of 
young seedlings gives more consistently satisfactory I'esulf s than 
pregermination treatment of the seeds. Since young roots are 
easily injured by colchicine, it is better to treat the slioots 
separately than to expose the entire young seedling to colchicine 
solution. 

For ease in handling, seeds are more commonly gc'rminated 
on moist filter paper before treatment. Colchicine' can then be 
applied to the young seedlings in any one of se'e’erai different 
ways (Fig. 1): 

1. If the seedlings are firmlj^ attached to tlie fdter paper 
by their roots, the paper plus seedlings can be inverted over a 
smaller pan of colchicine solution, in which the shoots are then 
immersed.’®’ 

2. Seedlings can be removed from the filter paper, rolled 
loosely in bundles, root ends wrapped in moist cotton, and the 
plants inverted in a vessel containing colchicine solution so that 
the shoots are immersed.®® This method prevents the roots 
from drying out, yet keeps them from contact with tlu' (‘f)l(‘liicinc 
solution. 

3. Seedlings can be removed from the filter papt'i- and placed 
in a dish that has been divided across the middle by a ridge in 
such a way that the roots are immersed in water on one side 
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of the ridge and the tops are immersed in colchicine solution on 
the other side of the ridged®® Long spindly seedlings that have 
grown in the dark are better adapted to this method than 
shorter, stockier ones. 



B 

Fig. 1. — Methods of applying colchicine solution to stem tips of seedlings. A, 
young seedlings with roots wrapped in moist cotton and stem tips immersed in col- 
chicine solution. B, seedlings germinated on filter paper in a petri dish and firmly 
attached by the roots; petri dish inverted over a smaller vessel containing colchicine 
solution in which the stem tips are immersed. 

4. Seedlings can be treated with colchicine in aerosol form 
by use of a “colchicine bomb,” such as one made by McKay 
and his coworkers. Into a small steel cylinder they placed 
0.5 g. colchicine dissolved in 4.5 g. cyclohexanone; to this 
mixture they added under pressure 95 g. methyl chloride. A 
nozzle of capillary copper tubing was attached as a release 
mechanism. The “bomb” was prepared under a chemical 
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hood, since the aerosol is toxic to man. Plants were treated 
under a bell jar. 

Of the mathiola plants treated bt" this metliod, 20 per (-(‘nf, 
showed polyploidy. The method is still in the experimi'nla! 
stage, but with a siitficiently potent penetrating agent (yet to !>e 
discovered) it may prove to be a means of carrying poicliicine 
to the interior of buds on tvoody plants. 




.1 B c 

Fiq. 2. -^Methods of applying eolehieine nolution to stooi tips of older J, 

growing tip covered with cotton which h kept moistened with ct*lchicino soliiiion, B* 
growing tip covered with hali of a gelatine capsule containing colcluciwe dissohn^d in a 
soft agar jelly. C', growing tip immersed in eolchichio solution in a vessel supported 
by a ring stand. 



Newcomer^®^ reports stimulation of the growth of certain tree 
seedlings (oak, horsechestniit, and hazel) by treatment of the 
growing point with colchicine. 

To offset the inhibiting effect of colchicine on the growth of 
seedling roots, root-inducing hormones" have sonietimes l)ec'n 
applied after the colchicine. Both favorable'*'’’*”'’'’’ and nega- 
tive®® effects are reported from such aftertreatment. 

Treatment of Older Plants. — Either individual stem tips or 
entire young shoots of older plants can be treated (Fig. 21. Tl^e 
following methods have been devised for treatment of individual 
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branch tips. Each of them has been reported effective with one 
kind of plant or another. 

1. Immerse a growing tip in a water solution of colchicine. 
This method cannot be used with plants such as the potato that 
will not survive immersion in water. 

2. Prop a bit of absorbent cotton between the youngest 
leaves and keep it moistened with the colchicine solution. 

3. Drop or brush the colchicine solution on a shoot several 
times a day for several days. Glycerine may be added to retard 
drying. A wetting agent such as Santomerse will ensure close 
contact of the solution wdth the surface of the plant. Dermen^® 
recommends the following solution: 


Glycerine ' 7.5 ml. 

Water ' 2.6 ml. 

10 per cent Santomerse 6 to 8 drops 


Colchicine powder or solution to make the desired concentration 

4. Apply colchicine in agar, either in a solution (0.7 to 1.0 
per cent agar in water) that can brushed on the shoot, or in a 
gel contained in a drug capsule that can 
be placed over the bud. 

5. Mix the colchicine with hydrous 
lanolin and smear it on the growing 
stem tip. This method is less conven- 
ient than others because lanolin is diffi- 
cult to measure accurately and apply 
neatly. Moreover colchicine is a 
water-soluble substance, not fat-soluble, 
and in general only high concentrations 
(1.0 per cent or more) are effective when 
apphed in this way. None the less, 
chromosome doubling by the use of a 
colchicine-lanolin emulsion is effec- 

"tilV© 

6. Inject the colchicine solution 
into the plant with a hypodermic syr- 
inge.”“'®®’”® This method is especially 
adapted to plants in which the stem 
tip is inaccessible because of over- 



Fig. 3. — Growing tip of a 
bulb treated with colchicine 
solution by means of a hypo- 
dermic needle. 
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lapping leaves, as in the cereals and in bulbous plants (Fig, 3). 
A small core of tissue may first be removed from bulbs to make 
a channel for the needle. Ai^ eye dropper ma}’ l)e siil>.stituted 
for the hypodermic needle.®"'®* 

Colchicine can be applied to whole leafy shoots as a spray. 
Warmke and Blakeslee’®® give directions for preparing an 
emulsion, which they apply as a spray. Howevtu-, spraying is 
dangerous and the preparation of the emulsion i.s quite 
involved. 

Caution: Whatever method of application is used, it must be 
remembered that colclucine is a poi.son. It sliould not be 
allowed to remain on the skin. Cook®^ describes an experience 
in which colchicine accidentally got into the eyes and caused 
violent inflammation and temporary blindness. When .swal- 
lowed, it causes severe gastrointe.stinal disturlxmce wil}» s,\'mp- 
toms resembling those of arsenic poisoning. large dose can 
cau.se death. “ 

Concentration and Duration.— -Tlie optimum concentration 
and duration of treatment for a given .s])eci('.s can Ik* determined 
only b}' experiment. Wliat would kill one spci'ies ma\' lia\'e no 
effect on another. On the basis of reports for many sjiecie.s, a 
series of 0.05, 0.1, and 0.2 per cent in tap water, applied for 
4, 6, and 24 hours — nine lots in all — is suggested. .At least one 
of the nine treatments should produce the <lesirt*d nisults, l»eing 
neither so severe as to kill nor so weak as to be ineffective. In 
general, the effective dosage for a given species approaches the 
lethal dosage.®^’*'* 

First Visible Effects of Treatment ■with Colchicine. — The 
first visible result of the application of colchicine is a retardation 
of growth. It may be several days or weeks before growth i.s 
resumed. The more severe and more effective treatments 
usually cause a fairly high percentage of mortalit}'. When the 
survivors start to grow, the first new parts to d('vclop are di.s- 
torted and malformed as a result of the varied growtli rates of 
the differently affected cells- — some unchanged, others with 
chromosomes doubled once or .several times. The.se variously 
affected cells may be distributed at random. 

As growth continues, however, the mixed ti.ssue i.s usually 
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left behind and branches with relatively homogeneous tissues 
appear. Some of these branches may be polyploid. 

HOW TO DETECT POLYPLOIDY 

Pol;^'ploid shoots can usually be recognized by well-defined 
grtgras characters: thicker stems; broader and thicker leaves of a 
darker green color; larger flowers, fruits, and seeds; greater 
hairiness. In some cases polyploidal changes are not easily 
recognized. The only entirely reliable criteria are microscopic: 
perceptibly and consistently larger pollen grains and stomata 



Fig. 4. — Relative sizes of cells from diploid and tetraploid plants of hemp. Draw- 
ings of cells from the epidermis of diploid (A) and tetraploid {B) leaves. Note larger 
size of tetraploid cells. Circles are glandular hairs, which are not greatly affected in 
size by chromosome number. {After Blakeslee, Am. J. Botany, 26, 167.) 


(in leaves of similar age and similar position on the stem) (Fig. 4) 
and of course multiple chromosome counts. 

ESTABLISHMENT OF POLYPLOID RACES 

In most plants not all cells of a treated growing region become 
polyploid. The altered cells may form a sector of the new parts 
formed. On such shoots normal leaves may be interspersed 
along the stem with gigas leaves, as in the cranberry (Figs. 5, 
6) Buds in the axils of polyploid leaves will produce polyploid 
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shoots. Such buds can be forced into growth by cutting off the 
end of the shoot Just beyond the leaf in question. Entire plants 
can then be obtained from the axillary branch that develops, 

either by making cuttings from it or, 
if tlie shoot produces flowers and 
seeds, by growing another generation 
from the .seeds. In the latter case, 
the flowers must of course be .self- 
pollinated or pollen from another 
polj-ploid plant must be u.sed. 

A {/rfj^fls-appearing .shoot consists 
mostly of pol^qiloid tissues but may 
have one or more .surface layers of 
normal or diploid cells ; or a normal- 
appearing shoot may ha^’e outer la}’- 
er.s that are polyploid. Tlie nature 
of the outermo.st layer or epidermi.s 
has no effect on the nature of the 
progeny. The next inner or .subepi- 
dennal layer produc('s liie pollen 
grains and both male and female 
ganufles. If all pollen from a given 
shoot (whether it ha.s gigas charac- 
ters or not) is enlarged, it indicates 
that the subepidermal lay'er is en- 
tirely polyploid. Seeds borne on 
such a shoot will grow into entirely 
polyploid individuals. Plants of the 
mixed constitution described above 
may be perpetuated by vegetative 
propagation. Tins was done with 
several varieties of potatoes before 
their mixed nature was discovered.® 



Fig. 5.— Diagram of a stem 
with a tetraploid sector (black) 
resulting from colchicine treat- 
ment of a gi'owing stem tip. 
Leaves and axillary buds that 
grow from tissues in this sector 
are tetraploid; a shows a cross 
section of the stem at the level 
indicated. 

A tetraploid plant may be 
obtained from such a stem by 
forcing an axElary bud on the 
tetraploid sector to grow into a 
branch. (A bud may be forced 
by cutting off the stem Just above 
it* cf. Fig. 6B.) A stem . cutting 
from this branch will make an 
entirely tetraploid plant. 


In some plants, cells witli differ- 
ent degrees of “ploidy” may be so thoroughly mixed that uni- 
form races cannot be established even after repetited vegetative 
propagation.®® Hence it is probably a waste of time to work 
with .shoots containing such mixed tissue. 
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' 1 

I'lG. 6. — Cranberry (Vaccinium oxycoccus) branches with tetraploid sectors. A, 
branch of which about half of the tissues are tetraploid. Of 15 leaves seen in full view, 
7 are large, 6 are normal size, and 2 have one half small and the other half large. The 7 
large leaves and the larger halves of the 2 unsymmetrical leaves are on the tetraploid 
sector, the remainder on the diploid sector. B, lateral branches 6 and c have developed 
from buds on branch a which has a tetraploid sector, as in the figure above. Branch b 
grew from the bud in the axil of a large leaf and is tetraploid. Branch c grew from the 
bud in the axil of a half large and half small leaf and is part tetraploid and part diploid. 
Note the large and small leaves on branch c. Dermen.^o {Photographs, courtesy of 
U. S. Department of Agriculture.) 


CHARACTERISTICS OF ENTIRELY POLYPLOID PLANTS 

General Appearance. — ^An entire polyploid plant shows the 
same gigas characters (Figs. 7, 8) as a polyploid shoot. Asso- 
ciated with the gigas state is a slow growth rate; flowering is 
often delayed from a few days to several weeks; and fruits 
usually mature later than in the diploid. Table 1 lists repre- 
sentative plants for which tetraploids have been produced by 
colchicine treatment. 

Chemical Constituents. — Tetraploid individuals of many 
different species of plants show significantly higher content of 
certain chemical components than do the corresponding diploid 
plants. For example, on a per plant basis, the rubber content 
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T^able 1.— "Paetial List of Plants of Which Yabieties with Doijbleb 
Cheomosomes Have Been Pboeuced with Colchicine 
Forms reported in the literature but not siiffieieiitly clearly di‘scTili(*d to be sure 
that they are polyploids are not included heiT.. 


Plant 

Reference 

Plant 

Reference^ 

Aegilops (goa t gra.ss ) 

133 

Lilium (lily) .............. 

39, 40 

Ananas (pineappleL . 

7Iu 

Linum (flax). 

57, S3, 91, 

Antirrhinum (snapdragon) . . 

40, 114, 


124, 143 


155 

Lolium (rvegrass) ......... 

09, 135, 

Avena brevis (oats — wild) . . , 

34, 41 


158 

Beta vulgaris (sugar beet) . . 

5, 43, 92, 

Lycopersicon (tomato), .... 

101, 103, 


112, 113, 


137 


122 

Alanihot (ea.ssaya 

52 

Brassica (cabbage) 

10, 70, 105, 

2vIathiola (stock ) . 

40, 04 


106, 114, 

Medicago (alfalfa ) 

60, lOS 


llo 1 

Melilitus (sweet cloven. . . . 

66 

Cannabis (hemp) .......... 

127, 167. 

Xicotiana (tobacco). . . . . . . 

16, 23, 74, 


170 


lOtk .110, 

Cariea papaya (papaya) .... 

64 


11.5, 147, 

Citrullus (wjiteniic'ioii) ..... 

62 


MS. 160 

("’’ortdiorus (jute) .......... . 

121 

Oclmum (basil) . 

79 

C’^osiiios ' 

104 i 

' Oryisa (rice K .......... . 

150 

CXicuiuis (cmaiiubcr'l ...... . 

136 • 

Petunia .................. 

13, 57, 82, 

Datura (Jlnison weed). . . . , 

■13, 14 ! 


143, 144, 

.Delpliinium cardinale (scar- 



M5 

let larkspur) , . 

95 1 

i Pisum (pea.) ....... 

156, 150 

Fagopyrum (huckwhea-t ) . . . 

120, 130 

1 Portuiaca 

14 

Fragaria (strawbc'rrv \ 

31 

i Soia'inim (potato 1 ......... 

' 67, 78, 128 

Glycine (soybean l 

4, 150 

; Tagetes (marigokli. ....... 

46, 101 

Gossypiiini (cotton) ........ 

2, 11, 12,' 

1 Taraxacum. kok-sagli\'z 

77, 167, 


61, 96,: 

i (Russian damU^iion i 

' 168, 170 


150, 151,' 

! Torenia 

114, 155 


175' ■ ! 

i Trifoliu,m (white cl over j . . . 

; 7 

Helianthus (sunflower) ...... 

125 i 

i Triticum (wheat.) . 

■: 34, ■ 159, 

Horcieum (barley) 

20, 34, Ti; 


174 


118 

Yaccinium oxycoccus 


Hyoscyamiis (henbane) 

57, 58 

(cranberry).. 

20, 30 

Lactuca (lettuce) . 

161 

Vida faba (broad bt*;tn ' . . . 

{ 73, 126 


of Russian dandelion^®* and the sugar content of beet"* are sub- 
stantially higher in tetraploid than in diploiil plants. Other 
substances that have been found in significantly increased 
quantities include the following: 

Atropine and other alkaloids in datura leaves. 

Marihuana in hemp."”'"" 
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Nicotine in tobacco, ^^9.110 

Camphor in basil leaves/® 

Ascorbic acid (vitamin C) in cabbage leavesi“® and toma- 

Carotinoids (including provitamin A) in yellow corn. 119,120 
Most studies have shown higher contents of water, sugar, and 
water-soluble constituents in generab“'®®'’«-i“®'“5,i67,i58 although 


the reverse has occasionally been observed. Fibers are 
substantially larger in tetraploid than in diploid plants of 
cotton^^’®^’^''® and of jute.^*^ 

Enz 3 ^me activity has been found to be greater in tetra- 
ploids,^^ even though metabolic rates are slower.^’^’®®’*® The 
natural hormone content is reported lower in tetraploids of 
marigold and cherry tomato®® and of cabbage.® 


Fig. 7. — Diploid and tetraploid mari- 
golds (Tagetes sp.). Flowers below are 
the variety Guinea Gold. The large 
flower above is variety Tetra, originally 
produced by treating plants of Guinea 
Gold with colchicine. {Photograph, cour^ 
tesy of IF. AtUe Burpee Co,) 


Fig, 8. — Diploid and tetraploid 
snapdragons {Antirrhinum majus). A, 
flower spike from diploid plant. B, 
spike from tetraploid plant which, was 
originally obtained by treating a diploid 
with colchicine. {Photograph, courtesy 
of W. Atlee Burpee Co,) 
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Resistance. — Some of the naturallj' occurring polj'ploid 
species have so wide a geographical range as to suggest t hat they 
may be moi’e resistant than their diploid counterparts to 
adverse climatic conditions and to disease. However, obser- 
vations reported on artificially induced polyploid.^ are too varied 
and meager to warrant a generalization. Tetraploid corn does 
not differ significantly from diploid in resistance to drought, 
frost, and common diseases.”® Tetraploid buckwheat seems 
more frost-resistant.”^ Tetraploid cucumlsers are more sensi- 
tive to mild frost and at least as susceptible to most of the 
common diseases of cucumbers.”® 

Variability. — The effect of tetraploidy on a given char- 
acter may differ in similar plants grown in different en\dron- 
ments; for example, outdoors as compared with in a green- 
house.”'’’"*””'”®'”® This possibility must l.)e rcnK'mbcred 
when evaluating a newly produced variety. IMoreovcr, poly- 
ploids induced from the same .stock may not all be alike,”’’" 
hence it may be desirable to establish several polyploid sti’ains 
from the same stock. 

USES FOR INDUCED POLYPLOIDS IN PLANT BREEDING 

Induced polyploids may be useful to the plant breeder for 
reasons other than their own possible superior qualities: 

1. They may have desirable traits that can be bred into 
existing lines, either wild or cultivated, of the same degree of 
polyploidy. Thus, drought-resistant or di.sease-resistant wild 
poij’ploids of cotton,®’ tobacco,” and delphinium,®^ have been 
crossed with cultivated polyploid strains of those plants to 
combine resistance with other desirable characters. 

2. They may produce pollen that is compatible with that of 
other polyploids when the pollen of corresponding diploids is 
incompatible.®®' Thus they may be the means of 
effecting otherwise impossible crosses. 

3. Colchicine treatment of haploid individuals, whicii occa- 
sionally occur spontaneously, may induce diploidy and thus 
establish a pure line. 

4. Desirable gene combinations obtained in heterozygous 
diploid forms can be maintained and perpetuated by dou- 
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biing chromosomes. This is the chief value of polyploidy in 
pineapples. 

POLYPLOIDY IK RELATION TO FERTILITY 

The effect of induced polyploidy on fertility depends on the 
genetic condition of the plants treated. Usually, when a 
tetraploid plant is produced from a normal diploid, the change 
is accompanied by a sharp reduction in fertility. However, the 
offspring of such plants often vary so greatly in degree of 
fertility that selection through several generations is likely to 
give tetraploid strains of adequate fertility. Presumably 
the vigorous and highly fertile polyploids that exist today have 
arisen through natural selection. 

Although tetraploid plants are often female-sterile or still 
more often pollen-sterile, it should theoretically be possible to 
use pollen from a diploid plant to fertilize a tetraploid, or vice 
versa, and obtain triploid progeny. These show the character- 
istic effects of polyploidy to some degree. Most diploid- 
tetraploicl crosses are almost entirely sterile.*® However, in 
the case of sugar beets^^® and alfalfa®* triploids are readily 
obtained. Triploids are hybrids, and the seeds therefore must 
be specially produced. The increased cost of triploid seed may 
be more than offset by the increased yield per plant and per 
acre. This has been the case for sugar beets. 

In contrast to the above many a completely sterile hybrid has 
been rendered fully fertile by doubling its chromosomes. The 
more distantly related the parents of the hybrid, the higher 
seems to be the level of fertility of the tetraploid race.’^'^’^* (See 
pages 298-299 for explanation of this phenomenon.) 

LIMITATIONS OF THE USEFULNESS OF COLCHICINE TREATMENT 

Degree of Polyploidy. — Multiplication of chromosome num- 
bers does not result in improvement of a plant beyond a certain 
point. The optimum for many kinds of plants seems to lie in 
tetraploid condition experimentally produced octo- 

ploids are usually sterile and stunted, with thick stems and 
coarse wrinkled leaves. Moreover, many highly valuable 
cultivated plants, as well as some wild ones, are already tetra- 
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ploids, or even hexaploids or octoploids, so that further doubling 
is unlikely to effect improvement. The list includes species jind 
varieties of such widely varied plants as cotton/’’''"’' wheat and 
oats/’* potato/’’®’®^’”* gladiolus, dahlia, rose, and chrysanthe- 
mum.'*®'"’’ Several workers have compiled data on the degree of 
polyploidy in vaiious genera and species.®’’'®"'''®''''’'-’''''*'"** 

Anotlier factor to be considered is the slow growth rate of 
some polyploids. Even in tetraploids sucli as certain forage 
plants,’ the slower growth rate offsets any pro.specti'^.'e increase 
in final size. 

METHODS OTHER THAN COLCHICINE TREATMENT 
FOR INDUCING POLYPLOIDY 

A systematic search for less expensive substances to replace 
colchicine has resulted in tlie discovery of a number of somewhat 
effective compounds. Acenaphthene, a 
coal-tar derivative, is the best so far known. It has been little 
used in this country but good results have been reported by 
workers in Russia. 

Acenaphthene. — Acenaphthene has the same efff'ct on 
dividing cells as colchicine. ‘'®'*’’’'’'’'’'"'"’’''** As W(>11 as Ijeing less 
expensive, it is less toxic to man. Its disadvantage' is that it is so 


CH,— rats 

I I 



Acenaphthene 


slightly soluble in water (0.003 per cent) that it has been applied 
in vapor form. One method is to dissolve the acenaphthene in 
ether, pour the solution on filter paper and allow the ether to 
evaporate, thus leaving a thin deposit of acenaphthene crystals 
on the paper; this is then placed in a closed container with the 
plants to be treated. Another metliod is to ^■al)orize the 
acenaphthene in a closed container and allow it to condense 
again as a thin film of crystals on the inner surface of t he con- 
tainer. With either method, the crystals vaporize in the closed 
container in which the plants are treated. One-tenth milligram 
acenaphthene in a 1,500-ml. container ■will treat 20 seeds of 
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cereals in 6 to 10 hours/® Three-tenths milligram in a petri dish 
will treat 40 seeds of wheat, according to Shmuk and Gusseva/^® 

Other Methods. Apart from chenaical treatment, only two 
fairly reliable means are knoAvn by which entirely polyploid 
plants can be obtained. One of these, Randolph’s heat- 
treatment2®-3s.98.in,ii9,i2o jg complicated and delicate to be of 
general horticultural interest. 

Another method of inducing polyploidy is to decapitate a 
young stem and cover the cut stump with a mixture of a growth 
hormone in lanolin. With such treatment a few kinds of plants 
produce a mass of callus tissue on the cut surface, from which 
new branches may arise. Some of these are likely to be tetra- 
ploids and, if they can be rooted, entire tetraploid plants will 
result. The method has been used successfully with tomato,®®'®® 
tobacco,®®’®'*’^^ and a few other plants, chiefly in the family 
Solanaceae. Relatively few kinds of plants, however, produce 
the necessary callus shoots, and not all of these are stimulated 
to produce tetraploid plants as a result of growth hormone 
treatment.®'’ 

BASIC EXPLANATION OF COLCHICINE EFFECTS 

The following paragraphs are included for those interested in 
understanding how colchicine brings about its characteristic and 
remarkable effects. 

The effect of colchicine on cell division is highly specific and 
consists of inhibition of the spindle mechanism.^'^’®®'^®'®^'’®* 
Thus, the early stages (prophase) of mitosis proceed as usual 
through the splitting of each chromosome into two. The 
colchicine effect enters at this point. Instead of the chromo- 
somes arranging themselves in an equatorial plate (metaphase) 
and then separating into two exactly similar lots (anaphase) 
between vrhich a new cell wall is formed, the chromosomes 
remain for some time in haphazard arrangement, then go back 
into a “resting stage” nucleus which now has twice as many 
chromosomes as before. If exposure to colchicine is prolonged 
beyond the duration of one mitotic cycle, the same doubling 
process may be repeated once or several times, resulting in 
octoploid or higher ploid cells. 
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Sometimes the chromosome-doubling effected by colcliicine 
is not exact, and the resulting nuclei do not have exactly twice 
the diploid number. This may explain why in some cases 
polyploids derived from the same stock are not alike. 


STERILE HYBRIDS MADE FERTILE 
WITH COLCHICINE 


MALE PARENT 


FEMALE PARENT 


CELLS CONTAIN FOUR 

PAIRS OF chromosomes! 



GERM CELLS CONTAIN 
ONE FROM EACH 
PAIR OF CHROMO- 
SOMES 


■CELLS CONTAIN THREE | 
PAIRS or CHROMOSOMES ! 


STERILE 
GERM CELLS 




CHROMOSOMES DOUBLED 
BY COLCHICINE TREATMENT 

^ 


HYBRIO(ri): STERILE BECAUSE 
CHROMOSOMES DO NOT PAIR 
DURING PROCESS OF GERM 
CELL FORMATION, HENCE GERM 
CELLS CONTAIN INCOMPLETE 

SETS OF CHROMOSOMES 



f II i tr 

V ^11 “V 

FERTILE 

TETRAPLOIOS 


CELLS NOW CONTAIN TWO 
OF EACH CHROMOSOME, AND 
CHROMOSOMES PAIR DURING 
PROCESS OF GERM CELL 
FORMATION 


FERTILE GERM CELLS 
WITH COMPLETE SETS 
OF CHROMOSOMES 




UNIFORM VIGOROUS PROGENY 


Fig. 9.— Diagram, siiowitig why doubling chromosomes makes steivile hybrids fertile 
{Mmlified from j. Heredity, 28, 412.) 


The effect of colchicine on mitosis in animal cells i.s similar 
to that in plants except that animal cells do not recover after 
treatment mth colchicine, and the cells die.^'®'"*"’®'* 

Colchicine affects meiosis, or reduction division, in the same 




CHEMICAL PRODUCTION OF NEW VARIETIES 299 

way."' ^ Ordinarily meiosis involves two successive nuclear and 
cell divisions, with one cell thus giving rise to four. During the 
two nuclear divisions, each chromosome divides only once, with 
the net result that the four final cells are haploid. Colchicine 
has no efi^ect on the splitting of the chromosomes, biit it prevents 
one (or, if prolonged, both) of the cell divisions, so that the 
result is two diploid instead of four haploid cells. An explana- 
tion of how sterile hybrids may be made fertile by doubling their 
chromosomes is given in Fig. 9. Such a change from sterility 
to fei’tility occurs only when the hybrid is sterile because its 
chromosomes are not in matching pairs. Normally a plant 
contains in each of its cells two similar sets of chromosomes, one 
set derived from each of its parents. A hybrid, on the other 
hand, has received from its two unlike parents two unlike sets of 
chromosomes. These may suffice to make a vigorous Fx plant; 
but reduction division in that plant is abnormal because the total 
lot of chromosomes cannot be divided in such a way as to give 
each daughter cell one of each necessary chromosome. The 
result is sterility. 

When a hybrid is converted from diploid to tetraploid, its 
cells then have two of each kind of chromosome. Then when 
reduction occurs, each reduced cell contains one of each kind. 
When gametes unite, the resultant individual contains in each 
of its cells all necessary chromosomes. The tetraploid hybrid 
is thus fully fertile. 

It is not yet known why fertile diploids are made sterile by 
doubling their chromosomes. In tetraploid plants of lettuce,®^ 
corn,®® and tobacco,®®’®®’®® the embryo sac fails to develop 
normally, or the pollen tubes fail to reach the embryo sacs. The 
underljdng causes for these abnormalities have not been worked 
out. 

EVALUATION AND SUMMARY 

The chemical production of new varieties has passed from the 
realm of laboratory experiments into horticultural practice. By 
doubling chromosomes, it is often possible to produce polyploid 
plants that are more desirable in size, vigor, or other characters 
than the plants from which they are derived. Polyploids may 
also prove useful in plant breeding. 
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Colchicine is the chemical that has so far proved most useful 
in producing new varieties of plants. It is expensi^-e, but only 
small quantities are necessary. It can be applied in water solu- 
tion to buds or to young growing stem tips Iry any of several 
different methods. The proportion of useful new kinds of plants 
obtained by colchicine treatment is not liigli, but an occasional 
new form may more than justify much apparently fruitless 
work. 
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mone treatment, 7-8, 161, 220-222, 
230, 231 

stimulation of, in buds, 211 
in tree seedlings, 286 
Growth regulator, 3?i. 

Growth substance, 3n. 

H 
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mancy, 243 

Methyl glyoxal, in breaking dormancy, 
255 

Methyl indole (see Skatol) 

Metric units and English equivalents, 2 
Muskmelon, hormones as aids to fruit 
set in, 177 

N 

Naphthaleneacetamide, in blossom thin- 
ning, 123 

in control of preharvest fruit drop, 
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in rooting cuttings, 15, 29 
of broadleaf evergreens, 27 
of deciduous plants, 30 
of herbaceous plants, 32 
mixed with iiidolebiityric acid, 16 
mixed with pheiioxy acids, 17 
(See also Table 2, Chap. II) 
in seed treatment, 187, 190-201 
for shattering of grapes, 151 
in stimulating growth, of buds, 211 
of ovaries, 158 
structural forinula of, 2 
Naphthalenebutyric acid, in rooting of 
cuttings (see Table 2, Chap. II) ^ 
in stmiiilating ovary growth, 158 
Naphthaleneproprionic acid, in stimu- 
lating ovary growth, 158 
Naphthaienethioacetamide, in prolong- 
ing dormancy, 273 
Naphthoxyacetic acid, 3, 5, 10, 15 
in hastening fruit maturity, 207 
in inducing fruit set, 159, 162 
in seed treatment, 196 
in stimulating ovary growth, 158 
(See also Table 2, Chap. II) 
Naphthoxypropionic acid, in stimulat- 
ing ovary growth, 158 
Naphthylideneacetic acid, in seed treat- 
ment, 200 

Nectarine, breaking dormancy of, 250 
Nicotine, in polyploid plants, 292 
Nicotinic acid (see Vitamins) 
Nitronaphthalene, in breaking dor- 
mancy, 248 

Nursery stock, prevention of sprouting 
in storage of, 274-278 
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0 

OatSy weed control in, 225 
Oestroney in inducing ovary growthj 158 
OilSy in breaking dormancy, 248, 250 
Orange, control of preliarvest fruit drop 
in,' 151 

Orciiids, roots, vitairiins and growth of, 
209 

seeds, vitamins, and germhiation of, 
188, 195 

P 

Parthenocarpic fruit, 157ti. 

(See also Seedless fruit) 

Peach, biossom-tliiiiiiiiig sprays for, 136 
breaking dormancy of, 250 
chilling requirement for, 251 
control of preharvest fruit drop in, 
151 

prolonging dormancy of, 273 
Pear, breaking dormancy of, 250 
control of preharvest fruit drop in, 

150 

effect on fruit ripening of, 146 
prolonging dormancy of, 273 
ripening of fruit picked green, 208 
Pecan, blossom-thinning sprays for, 
136 

breaking dormancy of, 249, 250 
Petunia, seif-sterility overcome in, 177- 
178 

Phenanthrylacetic acid, hi inducing 
ovary growth, 158 
Phenylacetic acid, 3, 10, 15 
in inducing ovary growth, 158 
in rooting cuttings (see Table 2, Chap. 
II) 

in seed treatment,. 193, 196, 198 
Phytohormone, 3n. 

Pineapple, control of flowe.rmg hi, 206- 
207 

increased fruit size in, 179-180 
polyploidy in, 295 
Plum, breaking dormancy of, 250 
control of preharvest fruit drop m, 

151 

hormones in budding of, 210 
prolonging dormancy of, 273 


Poison iv 3 r, killing of, 226-227 
affected by light, 220 
Polyploid plants, eliaract eristics o,:f, 282, 
289, 291-294 
appearance, 291, 293 
chemical constituents, 291—293 
crop yield, 295 
enzymes and hormones, 293 
fertilit.y, 295 

growth rate, 282, 291, 296 
resistance, 294 
variability, 294 

kinds obtained with colchicine, list of, 
292 

naturally occurring, 282, 294-296, 
uses for, 294-295 

Polyploid races, estabiishmerit fro.iii 
colchicine-treated plants, 289-291 
Polyploidy, arti.fieially induced, by 
acenaphtlieiie, 296-297 
by callus shoots, 297 
by colchicine, 283-288 
detection of, 289 
by heat, 297 
history of, 282-283 
(See also Colcliiciiie) 
definition of, 282 
in relation to fertility, 295, 298 
Potato, attempts to increase “seed- 
balP’ production of, 177 
Potato tubers, arrest of bud dominance 
in, 243 

breaking dormancy of, 239-244 
multiple bud development in, 243, 
244 

uses for, 261 
bud growth in, 240 
control of, 279 
partiallj^ polyploid, 290 
prevention of sprouting in storage of, 
267, 269-271 

subsequent germhiation, 271, 279 
Preharvest fruit drop, hormone control 
of, in apples, 141-150 
advantages of, 150 
conditions calling for, 141 
directions for use of compounds, 
methods of applying, 143-145 
precautions, 146 
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Preharvest fruit drop, hormone control 
of, in apples, directions for use 
of compomids, reasons for 
failure, 148, 150 

response of different varieties, 
146-150 ’ 

time of application, 142, 150 
effect of fruit ripening, 146 
effect of weather conditions on, 144 
in apricot, 151 
in cherry and plum, 151 
in orange, 151 
in peach, 151 
in pear, 150-151 

Propagation, vegetative, history of, 14- 
15 

(See also Cuttings; Grafting; Layer- 
ing; Rooting) 

Proprietary preparations, 7 
in control of preharvest fruit drop, 
142 

names of, 142?i. 

for preventing sprouting of potatoes 
in storage, names of, 269ri, 
in rooting cuttings, 16 
names of, 17'W. 

for seed treatment, 187, 190, 191, 194, 
196, 199, 201 

for weed control, names of, 217n., 
226n., 227 

Propylene, in breaking dormancy, 245, 
253 

R 

Ragweed, killed by 2,4-D, 231 
Resistance, of polyploid plants, 294 
Rice fields, weed control in, 21871., 225 
Ripening of fruit picked green, 208 
Rooting, chemicals that stimulate, 15 
mixtures of, 16-17 
(See also Cuttings, stem, hormone 
stimulation of rooting in) 

Roots, effect of hormone weed killers 
on, 221 

vitamins and growth of, 209 
Rosebushes, prevention of sprouting in 
storage, 274-278 

Rubber content, of polyploid plants, 
29.1-292 


S 

Seedless fruit, experimentally induced, 
active clieiiiieals used for, list 
of, 158, 167-176 
history of, 157-159 
limitations of, 181 
list of, edible, 170-176, 181 
non-edible, 179 

naturally occurring, 157, 15772. 
production of, in holl}^, 178 
in tomato, 166-160, 177 
time of applying hormone, 159- 
161 

Seeds, colchicine treatment of, .283-284 
stimulates germination, 284 
hormone killing of, 189, 202, 229 
hormone treatment of, combined with 
fungicide, 188-189, 200-201 
dubious value of, 187-189 
effect of, on germination, 188, 190™ 
201, 259-261 

on growth and yield, 189, 194- 
201 

materials used in, 187 
objectives in, 186, 187 
proprietary preparations for, 187 
seeds slow to ger.inin.ate, 193, 250- 
260 

larger in polyploid plants, 282, 289 
vitamin treatment of, 187, 188, 191, 
195, 199 

Self-sterility, overcome hormones, 
177-178 

Skatol, in inducing ovary grow-th, 158. 

Sodium nitrate, in breaking dormancy, 
240 

Soil, dichlorophenox 3 ’’acetic acid in, ef- 
fect on seedlings, 220 
effect on seeds, 189, 229 
persistence of, 228 

Spreader, in appl^dng colchicine, 287 
definition of, 6 

in preharvest drop sprays, 145 
in weed control sprays, 217-218 

Sterility, of hybrids overcome, 295, 298- 
299 

Strawberries, delaying maturity of, 207 
increased fruit size in, 180 
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Sugar cane, weed control in, 225 
Sugar content, of polyploid plants, 202, 
” 293 

Siilfaiiiiamicie, in inducing orary growth, 
158 

Siilfocarboiiate, in In-eakiiig dormancy, 
243 

Sulfuric acid, in breaking dormancy, 260 
T 

Tar-oil distillates, in blossom thinning, 
123, 129, 131 

Tetraploid (see Polyploid plants; Poly- 
ploid races ; Polyploidy) 

Thiamin (sec Yitaiiiins) 

Thioacetamidc, in breaking dormancy, 
243, 260 

Thiocresol, in breaking dormaney, 248 
Thiocyanate, in l;>reakirig dormaney, 
2^, 260 

Thioglyeol, in breaking dormancy, 243 
Tl’iioseiniearbazide, in l:>reaking dor- 
niancy, 243, 2G0 

Thiosulfate, in, breaking dormancy, 248 
Thiourea, in bi-ealdiig dornianc>', 243, 
248, 260 

in multiple sprouting of potatoes, 243 
in rooting cuttings, 16 
in seed treatment, 188, 191, 197 
Thyroid, in breaking dormancy, 253 
Tobacco, nicotine in polyploid, 293 
Tolyl-thiourea, in breaking dormancy, 
243 

Tomato, flowers in place of leafy 
branches' on, 208 
hormone content of, 293 
liormone-mduced fruit set in, 158- 
169,177 

increased frait size in, 180 
killed by 2,4-D, 225 
polyploid, vitamin content of, 293 
seedless fruit, 159-161, 166-169, 177 
stages in blossom and fruit develop- 
ment, 160 

Trade names (see Proprietary prepara- 
tions) 

Transplanting, use of hormones in, 209- 
210 ' 


Trichloroethylene, in brcjaking dor- 
mancy, 243 

Trichioroplienoxyaectie a«*id, in inciiio 
ing ovary growtli, 158 
ill rooting cuttings, 15, 16 
as weed killer, 217, 225 
persistence in .soil., 228 
Triehloroplieiioxyprop ionic aedd, in .root- 
ing cuttings, 15, 16, 29 
Triiodobenzoic acid, effect on fl.o'we.ring, 
20S 

Triploid (see Polyploid plants; - Poly- 
ploid races; Polyploidy) 
Tr^'ptophane, in breaking dormancy, 248 
Tung trees, prolonging dormancy of, 

273-274 

V 

I'enia-lization, 202-203 
Vitamins, in polyploid plajits, 293 
and root growth, 209 
in seed t.reatmeiit, 187, 188, 191, 105, 
199 

in transplanting, 210 

W 

Walnut, breaking dormaney of, 250, 251 
Water h^^acintli, killed by 2,4-.I), 231 
Weed killers, horinoiie, active com- 
pounds of, 217 
advantages of, 215 
characteristics of, 215-216 
directions for use of chemicals and 
concentrations, 217-218 
on la%vns, 229-230 
methods of application, 217-218 
on poison ivy and ragweed, 226, 231 
precautions, 229-231, 232 
on woody plants, 226 
experiment statio,n bulletins on, 217 
factors influencing effectiveness of, 
age of plant, 220 
light, 220 
rain, 220 

temperature, 218-220, 222 
history of, 216-217 
mode of action of, 220-222 
ornamental plants killed by, 232 
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Weed killers, residues in soil, effect of, 
228-229 

on soil microbes, 229 
on weed seeds, 229 
selectivity of, 222-228 
broadleaf herbaceous plants, 226 
factors in fiuencing, 227-228 
grasses, 224-226 
woody plants, 226-227 
uses for, 231-232 

weeds killed by, 218, 219, 221-227, 
231 


Wetting agent {see Spreader) 

Vinheat, weed control in, 225 

Y 

Yeast extract, in breaking, dormaiicv, 
249 

Z 

Zinc sulfate, in breaking dormancy, 253, 
255, 256 



